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SPINA BIFIDA URINARY INCONTINENCE 
A Report of Cystometric Studies in a Series of 30 Cases with Some 
Suggestions Regarding Their Clinical Management 
H. R. McCARROLL, A.B., M.D., St. Louis, Missouri 


HE control of urinary incontinence A résumé of all the work concerning the func- 
so frequently associated with laminal tion of these various nerves would be a need- 
defects of the lumbosacral spine to- less and boresome repetition and will there- 
day represents the one remaining bar- fore not be attempted. Suffice it to say that 
rier preventing the complete social rehabili- some clinical investigators, including Lear- 
tation of these unfortunate individuals. Rapid month and Rose, have considered that the 
strides in the field of orthopedic surgery in the sympathetic nerves (thoracicolumbar auto- 
last half century have made possible the cor- nomic, or presacral) relax the detrusor muscle, 
rection of practically all associated deformi- and contract the internal, involuntary sphinc- 
ties; but, in spite of advised neurosurgical ter, or, as Rose puts it, serve as the filling 
procedures, various forms of plastic opera- nerves of the bladder. The parasympathetic 
tions, and intensive investigative work on the — nerves (sacral autonomic) on the other hand 
part of many individuals, the problem of con- contract the detrusor muscle, and relax the 
trolling their incontinence for the most part internal sphincter, the emptying nerves of the 
remains unsolved. This study was undertaken bladder, according to Rose. McCrea and 
in the hope that detinite knowledge as to the McDonald, Watkins, Barrington, and Denny- 
exact type of bladder encountered in indi- Brown and Robertson, however, do not agree 
vidual cases might make possible the forma- that these two autonomic components are di- 
tion of some general rules for their clinical rectly antagonistic in action. The pudendal 
care and control. nerves supply the innervation to the external 
The mechanism of micturition is still not sphincter, the only portion over which voli- 
clearly understood, although Barrington, as a__ tional control can be exercised. The exact 
result of his work on the cat, has been able to réle played by the two autonomic divisions in 
determine fairly accurately the part played by the bladder of any given case can be deter- 
each of the three nerve components affecting mined only by careful cystometric studies. 
the bladder. His findings, however, are not in The usual location of the defect (lower lumbar 
exact accord with those of some other workers. and sacral) in any spina bifida might, on first 
enue Tye / 2a > 7 _ _ thought, indicate that there has been at least 
Surgery, Washington University Scheol of Medicine, St. Lous. partial destruction of the parasympathetic 
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pathways, leaving the sympathetics intact. 
In some of Learmonth’s cases with incon- 
tinence associated with lesions limited to the 
sacral segments, he has assumed that the 
parasympathetics have been at least partially 
destroyed and that the disability is due to the 
restraint on the bladder through the intact 
sympathetics. Cystometric studies in this 
series, however, prove that this is not always 
true, and the result is as frequently increased 
activity on the part of the parasympathetics 
as it is diminution from partial destruction. 
The exact status of the two pudendal nerves, 
and therefore of the voluntary sphincter, can 
be fairly well estimated after a careful sensory 
examination. The nerves for the voluntary 
muscles and for the skin of the perineum come 
from the pudendal plexus, which arises from 
the first, second, third, and fourth sacrals. 
The largest and most important nerve of this 
plexus is the pudendal nerve. This nerve first 
gives off the inferior hemorrhoidal nerves 
which supply the external sphincter of the 
anus and the skin about the anus. It then 
divides into the perineal nerve and dorsal 
nerve of the penis. The former supplies the 
skin of the perineum and scrotum, the super- 
ficial transverse perineals, the bulbocavernous 
and ischiocavernous muscles, as well as the 
voluntary urethral sphincter. The latter sup- 
plies the skin of the penis (in the female, the 
two branches supply the entire vulva) and the 
deep transverse perineal muscles. If, there- 
fore, there is a saddle-shaped area of complete 
perineal anesthesia extending posteriorly to 
include the skin about the anus and anteriorly 
to include the penis and scrotum, it can be 
safely assumed that marked destruction of 
the pudendal plexus has occurred and conse- 
quently, complete absence or marked impair- 
ment of the voluntary urethral sphincter. The 
same holds true for the external sphincter of 
the anus. The voluntary sphincters have not 
been proved to be present in any of the cases 
in this series in which such sensory changes 
were present. Destruction of the coccygeal 
plexus is also usually associated with these 
changes and the area of anesthesia then ex- 
tends posteriorly to include the skin over the 
coccyx and the greater portion of the sacrum. 
Impairment of sensation in parts or all of the 
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lower extremities is not of such importance 
but does mean that the involvement in the 
spinal roots has reached a higher level. 

This study has made possible the confirma- 
tion of the statement made by numerous in- 
vestigators that there is no semblance of re- 
lationship between the degree of incontinence 
and the size and extent of the congenital de- 
fect in the spine. Several patients have been 
seen in this clinic in whom large meningoceles 
or myelomeningoceles have been excised, and 
one in whom there was not only a large spina 
bifida and myelomeningocele, but also com- 
pletely bifid vertebral bodies throughout the 
entire lumbar spine and still there was no evi- 
dence of incontinence (Fig. 1). In other pa- 
tients total urinary and fecal incontinence 
have been present where there was only a 
relatively small occult spina bifida in the lum- 
bar or sacral region (Fig. 2). Neither is there 
any relationship between the size of the defect 
and the degree of sensory disturbance. 


METHOD OF STUDY 


The determination of exact bladder status 
by some form of cystometric apparatus has 
long been recognized as a valuable adjunct to 
the correct clinical management of all types 
of bladder disorders. This is especially true 
in those disorders which have as their under- 
lying cause some disturbance in the nerve 
supply. The difficulties encountered in being 
able to determine the extent of any lesion in- 
volving the lower spinal roots, and the diffi- 
culty in being able to estimate the involve- 
ment of their associated autonomic roots, 
make a careful cystometric study an absolute 
essential before any attempt is made to 
classify the type of bladder. The instrument 
described by Rose in 1927 has been widely 
used and his work, above all others, has em- 
phasized the importance of cystometric studies 
in clinical work. Other satisfactory methods 
of determining bladder function have been 
described, chief among which are the water 
manometer (Watkins), or kymograph (Lang- 
worthy and Dees) connected by means of a 
Y-tube with the bladder and a water reservoir. 
In these latter types, the bladder is filled by a 
gradual flow under hydrostatic pressure alone, 
pressure controlled by height of reservoir. 
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The method employed in these determina- 
tions is very simple. It consists merely of a 
graduated 250 cubic centimeters salvarsan 
tube and a rubber tube 5 feet in length by 
means of which the connection with the 
catheter is made. The bladder is filled by 
hydrostatic pressure with the tube held at a 
level of not more than 4 feet above the level 
of the pelvis. The use of water at or near body 
temperature is essential, since the abnormal 
stimulus of heat or cold may cause a strong 
contraction in a detrusor muscle which is only 
mildly spastic. Bladder volume can be easily 
learned, the point at which sensation of full- 
ness is felt can be noted, and by watching the 
fluid level in the graduated tube, changes in 
the intracystic pressure as a result of changes 
in the bladder wall can be definitely deter- 
mined. After the total capacity is reached, 
the degree of voluntary expulsive force can be 
determined by having the patient strain, ob- 
serving the ability to expel the bladder con- 
tent, and the rate and ease with which it is 
expelled. These four points represent the 
main items to be determined in regard to the 
bladder wall itself in any cystometric study. 

In numerous supposedly normal bladders on 
which studies have been made, it has been 
found that the fluid flows in at a fairly con- 
stant rate, with occasional momentary inter- 
ruptions in the flow in some cases which repre- 
sent normal reflex contractions of the detrusor 
muscle. In some, however, the flow was con- 
stant to the point of maximum capacity with- 
out evidence of interruption at any point. In 
none of these normal bladders was the reflex 
contraction of the detrusor muscle great 
enough to expel even small amounts of fluid 
from the bladder. With catheters of constant 
size used in all cases, the rate of flow is of bene- 
fit in determining the state of the detrusor 
muscle, as this is much faster in a totally re- 
laxed muscle than in a normal one. Unless 
the same size catheter is used in all cases, 
however, this is obviously of no value. In 
cases with total relaxation of the bladder wall, 
the fluid flows in rapidly and steadily with no 
evidence of even momentary bladder con- 
tractions at any point. When dealing with a 
spastic bladder wall, however, frequent inter- 
ruptions in the flow are encountered, the fre- 





Fig. 1. Wide laminal defects involving all lumbar and 
sacral vertebre and completely bifid vertebral bodies 
throughout the entire lumbar spine. A myelomeningocele 
was present at birth and excised early in life, but, in spite 
of this extensive involvement, this girl had perfectly nor- 
mal bowel and bladder mechanisms. 


quency and length of which are dependent 
entirely on the degree of spasticity which is 
present. The contraction of the detrusor 
muscle must be strong enough to expel some 
of the bladder content before it can be classed 
as spastic. In some cases (Cases 8, 9, and 21), 
the contractions were brief and momentary 
with expulsion of from 1o to 20 cubic centi- 
meters of fluid with each contraction wave. 
In other cases (Cases 16, 20, and 22) with 
extremely spastic bladder walls, strong con- 
tractions occurred from eight to ten times 
before a volume of 150 cubic centimeters 
could be introduced with complete emptying 
of the bladder content each time. When this 
occurs in girls, fluid is usually expelled around 
the catheter as well as through it. The exact 
status of the bladder wall can be determined 
by a consideration of the following four points: 

1. The resistance encountered in dilating 
the bladder by hydrostatic pressure as has 








Case 6. 


Fig. 2. 
involving the fourth and tifth lumbar and all sacral verte- 
bra but with complete urinary and fecal incontinence. 


A relatively small occult spina bifida 


been described. By means of this alone one 
can usually tell whether the bladder wall is 
relaxed, normal, or spastic. 

2. The presence or absence of urgency in 
any patient who has at least partial control. 
Urgency cannot be present in a relaxed bladder 
wall, and the degree of urgency present in 
any case which does not have a dribbling type 
of incontinence serves as a reliable guide in 
estimating the degree of spasticity of the 
detrusor muscle. 

3. The amount of residual urine present. 
This is of value, however, only when compared 
with the type of internal sphincter which is 
present. In the presence of a spastic bladder 
outlet, one expects to find a high residual 
urine (Cases 1, 2, and 3) and the absence of 
this usually means a spastic bladder wall 
(Cases 12, 13, and 16). With a relaxed in- 


ternal sphincter, however, this is of no bene- 
fit, since the residual is absent or low in both. 
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4. The type of incontinence which is pres- 
ent. In this series of cases, where a dribbling 
type of incontinence is present, the bladder 
wall is relaxed and the dribbling is a true over- 
flow incontinence, with one exception, and 
this is in those cases with a spastic bladder 
wall, a relaxed internal sphincter, and an in- 
adequate external sphincter. Where urine is 
passed in small jets, however, involuntarily 
at varying intervals and without constant 
dribbling, a spastic or normal bladder wall 
with excellent tone is always present, either 
in the presence of a spastic internal sphincter 
or a normal or abnormally strong external 
sphincter. This latter type of incontinence is 
comparable to extreme urgency. 

The determination of the status of the in- 
ternal sphincter is exactly the same as that 
which is carried out in all other types of 
cystometric studies. This classification is based 
on three points which may be described as 
follows: 

1. The amount of resistance encountered 
at the bladder neck upon passage of a soft 
rubber catheter or cystoscope. In the absence 
of definite mechanical obstruction at the blad- 
der neck not on a neurogenic basis, a catheter 
passes easily and without resistance through 
the posterior urethra and on into the bladder 
where the internal sphincter is relaxed. Where 
there is definite spasticity in the sphincter, 
however, a resistance can be felt just before 
the tip of the catheter or cystoscope enters 
the bladder, requiring firm, constant pressure 
for a few seconds to overcome it. In case of 
extreme spasticity, a smaller size catheter or 
instrument has to be resorted to before the 
bladder can be entered. In a normal bladder 
mechanism, some resistance is usually en- 
countered, and it is often difficult to determine 
the degree of spasticity or relaxation on this 
point alone. 

2. A comparison between the amount of 
residual urine present and the type of bladder 
wall which is present. In the presence of a 
relaxed bladder wall, mild spasticity of the 
internal sphincter or a normal external sphinc- 
ter can produce a relatively high residual. In 
the presence of a spastic bladder wall, how- 
ever, the internal sphincter must be quite 
spastic in order to make possible a residual 











Fig. 3. Cystogram of Case 25 showing the posterior 
urethra dilated and filled with the opaque medium, which 
is typical of a completely relaxed internal sphincter. 


| urine of any consequence. This will, of course, 
: vary, depending on which of the components 
is more spastic and therefore which is greater 
in power. 

3. X-ray findings after filling the bladder 
with a 5 per cent solution of sodium iodide. 
In the presence of a relaxed internal sphincter, 
the posterior urethra is always filled with the 
opaque medium and is easily visualized (Fig. 
3). In the presence of a normal or spastic in- 
ternal sphincter, however, the posterior ure- 
thra is not filled and the lower portion of the 
bladder remains smooth in contour (Fig. 4), 
and without the ‘‘funnel-shaped”’ tip so typi- 
cal of the former. Trying to use the size, 
shape, and contour of the bladder itself in 
cystograms as an aid to classifying the bladder 
wall has not been of any value. 

This series of 30 cases includes 25 which are 
definitely on the basis of spina bifida, and 5 
which are the result of other forms of neuro- 
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Fig. 4. Cystogram of Case 8 showing smooth contour of 
lower portion of bladder without evidence of dilatation of 
the posterior urethra. This is typical of an intact or spastic 
internal sphincter. This roentgenogram was made at the 
point of maximum capacity, with the patient straining, and 
still shows no evidence of regurgitation up either ureter, 
even though the bladder capacity had been increased from 
200 to 425 cubic centimeters by frequent dilatations over a 
period of 18 months. The slight overflow of the fluid 
around the catheter is the result of straining. 


genic disturbances, included because of their 
similar type of involvement. Two of these 
(Cases 9 and 11) are the result of spinal cord 
tumors, and 2 have as their underlying cause, 
a definite myelitis. One of these (Case 22) 
is secondary to an acute infection and the 
other (Case 10) was the result of a post- 
vaccinal (small pox) encephalomyelitis. The 
fifth (Case 7) is the result of a fracture disloca- 
tion of the first lumbar vertebra. These 30 
cases’ for purposes of study and presentation, 
have been subdivided according to the physio- 
logical findings. 

SPASTIC INTERNAL SPHINCTER-—RELAXED 

BLADDER WALL 

Only 7 of the 30 cases proved to have a re- 
laxed bladder wall and spastic internal sphinc- 
ter. All of these patients had a dribbling type 





of incontinence. Urgency was not a symptom 
in any of the 7, and the amount of residual 
urine present varied from go to several hun- 
dred cubic centimeters, only 1 having a resid- 
ual urine of less than 200 cubic centimeters. 
Two of these cases (Cases 2 and 5) had de- 
veloped excellent bladder control spontane- 
ously when first seen, although Case 2 still 
carried a residual urine of about 300 cubic 
centimeters. Patients with this bladder classi- 
fication are supposedly helped by removal of 
the thoracicolumbar sympathetics (presacral 
neurectomy), described by Learmonth. Be- 
cause of the extensive investigative work as 
to this operation and the times it has been 
used, it was surprising to find that less than 
one-fourth of these cases fell into this group. 
The exact postoperative routine and type 
of training used in re-establishing bladder 
function in cases in which this operation has 
been used, have not been included in their 
reports. Dr. C. B. Huggins' of the University 
of Chicago Clinics, however, states that defi- 
nite improvement has been observed in 4 of 5 
cases operated upon by him, and that the 
mechanism of bladder emptying after opera- 
tion is through straining and the use of the 
abdominal muscles. In other words, pre- 
sacral neurectomy does not re-establish a 
normal mechanism of micturition, but sup- 
posedly permits a better emptying of the 
bladder and a reduction of the amount of resi- 
dual by decreasing the resistance offered at 
the bladder neck and increasing the tone of the 
detrusor muscle. The actual emptying of the 
bladder is then brought about by a voluntary 
increase in the intra-abdominal pressure, the 
result of straining. If then, the actual act of 
micturition after operation is brought about 
by straining, operation can be considered in- 
dicated only in those cases in which the 
spasticity of the bladder neck is great enough 
that the bladder cannot be emptied by the 
same procedure in pre-operative tests. This 
can be easily determined by leaving a known 
volume of fluid in the bladder and seeing how 
much can be expelled after withdrawal of the 
catheter. The continued efficiency of the act 
can be learned by determining the amount of 
residual urine on subsequent occasions. 


1Personal communication. 
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As stated, all of these patients had a drib- 
bling type of incontinence, the resistance at 
the bladder neck being great enough tofurnisha 
definite bladder capacity and beyond which 
point a true overflow developed. If then the 
bladder could be emptied and the residual 
urine abolished or greatly reduced, it seemed 
reasonable to suppose that the individual 
could remain continent until the point of 
overflow was again reached. Then by volun- 
tarily voiding each time just before this point 
is reached, the incontinence could be com- 
pletely abolished, the period of time between 
voidings depending on the exact status of the 
two muscle components and being deter- 
mined by the trial and error method. With 
this idea in mind, such a procedure was car- 
ried out in these 7 cases and, in all but 2, it 
was found that the bladder could be com- 
pletely emptied and the residual urine abol- 
ished. Of the 5 who were able to empty their 
bladders voluntarily, 1 (Case 5) under ordi- 
nary conditions had a well balanced bladder 
mechanism, leaving only 4 suitable for bladder 
re-education. All of these patients were placed 
on definite schedules of voiding every 1 to 4 
hours during the day. In each instance, all 
fluids were discontinued after 5:00 p.m. each 
day, and the patient was awakened at night 
for voiding so that the nocturnal incontinence 
was controlled quite well. In some instances 
it was not necessary to awaken the patient. 
Satisfactory results were obtained; incon- 
tinence and residual urine were completely 
abolished or greatly reduced in all cases. One 
of the 2 patients in whom voluntary empty- 
ing of bladder was impossible had an asso- 
ciated hydrocephalus and mental deficiency 
and it was impossible to obtain any co-opera- 
tion in her case. The other (Case 2) had de- 
veloped perfect bladder control during the 
course of 2 years but still carried a residual 
urine of 300 to 400 cubic centimeters con- 
stantly, and it was impossible for the patient 
to reduce this by the methods here described. 
This patient was 14 years of age and appar- 
ently showed all the prerequisites for presacral 
neurectomy. However, he and the parents 
were not interested in any operative procedure 
since his bladder was perfect from their stand- 
point, whereas until 2 years previously he had 
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13 yrs. 





shown a dribbling type of urinary incon- 
tinence at all times. Prospects of future dif- 
ficulties because of high residual urine did not 
alter their ideas and operation was refused. 

Learmonth lists the requirements for pre- 
sacral neurectomy as follows: 

1. Definite evidence of injury to the para- 
sympathetic pathway but without total pa- 
ralysis. 

2. A sympathetic pathway which is un- 
questionably intact. 

3. Patient must be continent. 

4. Renal function must be satisfactory. 
To these should be added: 

1. Inability of the patient satisfactorily to 
empty the bladder by a simple voluntary in- 
crease of the intra-abdominal pressure. 

2. A functional voluntary sphincter as 
evidenced by the presence of intact sensation 
in the skin of the perineum and external geni- 
tals. Control following presacral neurectomy 
has been said to be brought about by the vol- 
untary control of the external sphincter, and 
if absence or marked impairment in this 
sphincter is possible, as indicated by a saddle- 
shaped area of perineal anesthesia, the opera- 
tion is certainly contra-indicated. 
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TABLE I.—CASES WITH SPASTIC INTERNAL SPHINCTER AND RELAXED BLADDER WALL 


Case No. | Sensation | yoluntary Residual Residual 
Sex | Etiology in ahncter before Clinical management after Results 
Age | perineum SI treatment treatment 
I Spina bifida with | Total | Absent 335 c.cm. Voluntary voiding every 1!2 hours yo c.cm Good. 75 
(201) | meningocele | anes- | Awakened once every night after percent 
(4, 5L, all S) thesia | l year control 
13 yrs | est! 
| | mated 
2 Spina bifida with Dimin | Impaired | 300 c¢.cm. Had developed control spontaneously. | Same No 
(L-27) myelomeningocele ished | Residual unaffected by conservative change 
M (3, 4, SL, all S) | measures. Presacral neurectomy 
14 yrs refused 
Occult spina bifida | Total Absent 200 c.cm. Voluntary voiding every 45 minutes o alter Good. 75 
(I-43) (4, 5L, all S) anes- | to 1 hour. Not awakened at night 8 mos per cent 
} thesia control 
15 yrs. | esti 
| | mated 
4 | Occult spina bifida | Total | Absent 200 C.cm. Voluntary voiding every 1'2 hours. 55 ¢.cm. Excellent 
(1-256) (4L, all S) | anes- | Awakened twice each night after 
F | thesia 6 mos. 
7 yrs. 
ae _ | Occult spina bifida Dimin- | Impaired | 5 c.cm. Complete retention developed only 
(K-196) | = (1S) ished normally. 1100 with intense excitement. Had a well 
M | | with complete balanced mechanism at other times 
14 yrs | retention 
6 | Occult spina bifida Normal | Intact go ¢.cm. None attempted because of associated 
(L-185) | (4, 5L, all S) hydrocephalus and mental deficiency 
F | 
5 yrs. 
7 | Fracture dislocation | Total Absent 360 c.cm. Voluntary voiding every 4 hours both o after Excellent 
(M-100) of first lumbar anes- day and night 5 mos 
M vertebra thesia 


3. The patient should be at least past the 
age of puberty before any surgical procedures 
are considered, since marked changes and 
improvement in bladder function are possible 
with increasing age. 

4. Residual urine should be relatively high, 
at least 100 cubic centimeters or greater. Any 
residual of less than this amount does not 
carry enough risk to the welfare of the patient 
to warrant such a surgical procedure. 

The excellent bladder control developed by 
simple routine measures of training in these 4 
patients, who fall into the classification sup- 
posedly helped by presacral neurectomy, ob- 
viously raises the question as to how much 
mere postoperative bladder re-education may 
have been responsible for the beneficial results 
reported following the operation. Those 
cases reported as not being helped by opera- 
tion have probably been poorly selected, as 
adequate bladder classification is impossible 
without detailed cystometric studies. An 
example of the pitfalls encountered in trying 
to select cases for the operation without 
cystometric studies is clearly represented in 
Case 10 of this series. The patient was 
thought to present all of the prerequisites for 
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the operation, only to be proved to have an 
entirely different type of bladder after cysto- 
metric studies were carried out several months 
following the operation. It should also be 
borne in mind that the operation of presacral 
neurectomy produces sterility, though not 
impotence, in the male. This is an important 
factor to any individual whose incontinence 
is only slight or has been spontaneously cor- 
rected as in Case 2. It has been definitely 
shown by Learmonth and verified by other 
workers that the thoracicolumbar autonomics 
are responsible for the expulsion into the 
posterior urethra of fluid from the prostate, 
seminal vesicles, and ejaculatory ducts. This 
being true, the resulting sterility can be easily 
explained on the theory of Huggins and his 
co-workers that ejaculation is the result of 
clonic contractions induced in the striated 
muscle surrounding the membranous ure- 
thra, and brought about by a head of pressure 
built up between the internal and external 
sphincters with the outpouring of this fluid. 
SPASTIC INTERNAL SPHINCTER 
BLADDER WALL 


SPASTIC 


This group includes 11 cases, the largest of 
any type in this series. None of these patients 
presented a dribbling type of incontinence, 
but rather an involuntary voiding at intervals 
varying from 15 minutes to 1 hour in all cases 
except 1, who had improved to the point at 
which urine could be retained for 2 hours. 
The resistance offered by the spastic bladder 
outlet furnishes a definite bladder capacity 
for each case, and prevents a dribbling type 
of incontinence. The amount of resistance 
offered determines the length of the intervals 
between voidings. The spasticity of the blad- 
der wall itself, however, is really responsible 
for this type of incontinence, for if a relaxed 
bladder wall were substituted, a dribbling and 
true overflow type of incontinence would re- 
sult. The involuntary voiding occurs only 
when the bladder capacity is built up to a 
point where its stimulus produces a spasm of 
the bladder wall great enough to overcome 
the resistance offered. Extreme urgency was 
present in all cases and, in those who were able 
to retain urine for as long as 30 minutes, made 
it impossible for the patient to maintain con- 
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trol. The urgency occurs simultaneously with 
the first desire to void, obviously being the 
result of intense bladder spasm. Case 10 was 
the first patient studied in this entire series, 
and unfortunately careful cystometric studies 
had not been instituted. An attempt was 
made to classify the type of bladder from 
simple clinical observation. Because of the 
presence of a constant residual urine of 100 
cubic centimeters and definite resistance at 
the bladder neck to the passage of a soft rub- 
ber catheter, this was thought to be a spastic 
internal sphincter and relaxed bladder wall. 
There was no evidence of sensory disturbance 
in the perineum, which indicated an intact 
voluntary sphincter, renal function was nor- 
mal, and urine could be retained for several 
minutes at a time. The patient was old 
enough to co-operate well, so he was thought 
to be suitable for presacral neurectomy. It 
was not known then that the absence of a 
dribbling type of incontinence in association 
with a spastic outlet meant the presence of 
a bladder wall whose expulsive force was al- 
ready increased. Presacral neurectomy was 
performed and a retention catheter was em- 
ployed for 3 weeks. After its removal, all 
attempts at bladder re-education were futile 
and there was no evidence of change in the 
incontinence. Two years after the operation 
the patient’s incontinence was exactly the 
same as when first seen. At this time, cysto- 
metric studies revealed a spastic bladder out- 
let and an extremely spastic bladder wall, 
conditions obviously unsuitable for pre- 
sacral neurectomy. It is hardly possible that 
the sympathectomy could have increased the 
bladder spasticity or reduced the spasticity 
of the internal sphincter, as the residual urine 
at the end of 2 years measured 130 cubic 
centimeters. 

With the next case encountered (Case 8) 
cystometric studies were made and spasticity 
of both the bladder wall and internal sphinc- 
ter was found. It was noticed at the time 
that, by having the patient voluntarily in- 
crease his intra-abdominal pressure, the re- 
sistance offered at the bladder neck could be 
easily overcome and the bladder completeiy 
emptied. He then remained continent during 
the time in which the bladder was again filling 








nm 


nw OH 


ur Se 


OU OO OS «6D 


McCARROLL: 








SPINA BIFIDA URINARY 
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to the point of capacity, but this was not very 
long as the bladder capacity measured less 
than 200 cubic centimeters. At the suggestion 
of Dr. D. K. Rose, this bladder was dilated by 
hydrostatic pressure every second day in 
order to increase the bladder capacity, over- 
come some of the bladder spasticity, and 
attempt in this way to lengthen the interval 
between voidings. The patient was placed 


on a schedule of voiding at regular intervals, 
which were gradually lengthened as the blad- 
der capacity increased, and very gratifying 
results were obtained. 
tinued after 


Fluids were discon- 
5:00 p.m. and as in the previous 
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BLADDER WALL 











| | Be Before treatment After treatment 
Case No. Sensation | yojunt (epee Reet ais aaa 
Sex Etiology in me ma Clinical management | Results 
Age | perineum err |Residual| Bladder | Residual) Bladder | 
| urine |cé apacity| | urine capacity 
‘Spina bifida with | Total | Absent mt 80 c.cm.| 185 | Voluntary voiding « every “a ° 450 | Good 
(G-85) myelomeningo- | anesthesia c.cm. Awakened twice each night for | c.em.| (Co-op 
{ cele (3, 4, 5L, all | | | voiding. Bladder dilatations | | after | eration 
12 yrs. S) | twice a week. Gradually length- | ;. gs. poor) 
| | ened, once every 6 ) wks. | yrs. 
9 Spinal cord tumor. | Diminished | Impaired 1 150 300 Voluntary eoidivins every ed hours.| o Same_ | Excellent 
(F-88) (Filum terminale)| | | c.cm c.cm.| Nocturnal voiding was not nec- | 
M | | essary. Bladder dilatations not | 
{1 yrs. | considered necessary | 
° Post-vaccinal en- | Normal | Inte act | 100 | Not |P presacral neurectomy 130 200 | No 
(K-95) cephalomyelitis | c.cm. | known} | <.Cm. c.cm.| im 
M (Small-pox) | | prove 
15 yrs. | | | | | ment 
II Spinal cord tumor | Total “Absent | 125 | 225 | Nothing a atte’ empted as it was im- 
(L-221) (Located oppo- anesthesia } ccm.| c.cm.| possible for the patient to expel | } 
[ site 10 and 11T) | | urine by a voluntary increasein | 
II yrs. | | | his intra-abdominal pressure | 
12 Occult spina bifida | Normal Intact ° | 165 | No. definite schedule of voiding was] 0 260 | Excellent 
(2210) (all S) | ¢.cm. | needed. Bladder dilatations | | c.cm. 
F every 3 weeks. Gradually de- 
4 yrs | creased to once every 3 months 
13 Spina bifida with Total Absent ° | 135 | Nothing atte mapted becat ause the 
(2585) myelomeningo- anesthesia c.cm.| patient was too young to co- | 
M cele (2, 3, 4, 5L, operate. Good result should be | | 
2 yrs. all S) possible later | 
4 Spina bifida with Total Absent | 120 | 150 | Voluntary voiding every 2 hours. | Not | Not | Excellent 
(2494) overlying dense anesthesia c.cm. | c.cm.| Involuntary voiding previously | known) known 
{ scar (all L, all S) | | occurred only every 2 to 3 hours | 
6 yrs. | } 
15 Occult spina bifida | Perineal Probably | 80 ¢.cm.| 260 | Voluntary voiding every 2 hours. | 0-25 Same Excellent 
(F-222) (5L, all S) anesthesia intact c.cm. | Nocturnal voidings not necessary. | ccm. 
M on left side | Bladder dilatations not necessary 
14 yrs. only | | 
16 Occult spina bifida. Normal Intact jo 200 | Voluntary voiding every 2 hours. o-25 325 | Excellent 
(G-106) (9, 80, 31, 121; 1, } c.cm Awakened spontaneously at c.cm c.cm 
2, 3L; 1S) | nights. Bladder dilatations 
II yrs. every 3 days for 3'2 months. 
Then discontinued 
17 Occult spina bifida | Normal Intact 60 ¢.cm.}| 225 | Voluntary voiding every ae at ° Same Excellent 
(I-77) (4, §l., t, 25) | c.cm.| first but later was discontinued 
F | entirely. Bladder dilatations not | | 
13 yrs | } | necessary | 
18 Spina bifida with | Anesthesia | Impaired 70 €.cm.}| 225 | Voluntary voiding every hour. 0-20 345 Fair 
(I-170) myelomeningo- in most of | c.cm.| Bladder dilatations once each c.cm c.cm 
M cele (4,5L,allS)| perineum | | week for 2 months 
10 yrs | | | 


group, the patient was awakened for voiding, 
so that the nocturnal incontinence was quite 
well controlled. At the end of 1% years, the 
bladder capacity had been increased to 450 
cubic centimeters, the residual urine remained 
at zero, and by maintaining his schedule of 
voiding every hour, to which the interval had 
been increased, the patient was able to re- 
main dry at all times. This patient was very 
careless, however, and each time he allowed 
himself to go over the hour, he again lost con- 
trol. At the end of this period, bladder dila- 
tations were necessary only every 6 weeks in 
order to maintain the bladder capacity and 





73° 


keep the spasticity in the detrusor muscle 
reduced to a satisfactory level. 

The improvement in this case led to the 
trial of the same procedure in other cases of 
the same type, and in 8 of the 11 cases en- 
couraging results have been obtained. In the 
3 other cases, it was uot attempted for rea- 
sons given in their case histories. In many 
instances (Cases 12, 15, 16, 17, and 22), the 
bladder capacity was increased well beyond 
the point of first bladder sensation in filling, 
and in these, the schedule of “voiding by the 
clock” could be discontinued and the patient 
still maintain good control. Urgency was re- 
duced in these to the point at which voiding 
could be delayed for 10 to 20 minutes after 
the first desire. In those cases in which blad- 
der sensation is completely lacking, and in 
those in which the spasticity of the detrusor 
muscle cannot be overcome to the point of 
establishing a bladder capacity well beyond 
the point of first sensation, however, the 
definite schedule of voiding has to be con- 
tinued indefinitely. The length of time be- 
tween bladder dilatations varies with each in- 
dividual case and in those in which a good 
bladder capacity is already present, it may 
not be necessary. In Case 12, any attempt to 
lengthen the intervals between dilatations be- 
yond 3 months, caused a return of the urgency 
and the incontinence. In most cases, however, 
it has been possible to lengthen’ the intervals 
gradually and later discontinue the dilata- 
tions entirely. 

The first objection to be raised against such 
a procedure is that bladder dilatations in the 
presence of a spastic internal sphincter will 
merely decrease the expulsive force of the 
detrusor muscle and therefore rapidly increase 
the residual urine, and also that it will hasten 
an almost certain breakdown of the bladder 
wall. This, however, does not have to be 
considered if the intra-abdominal pressure can 
be voluntarily increased to the point at which 
the resistance of the sphincter can be over- 
come and the bladder completely emptied of 
residual urine. The stretching of the detrusor 
muscle and breakdown of the bladder wall 
are then of no consequence, as voiding can be 
continued without their aid. If the bladder 
can be effectively emptied in this way, dilat- 
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ing the bladder wall at definite intervals and 
increasing the bladder capacity will decrease 
the incontinence and enable the patient to go 
for longer periods of time without voiding. 
The same holds true in the presence of a 
spastic bladder wall and relaxed internal 
sphincter, where a normal or abnormally 
strong voluntary sphincter is present and 
offers definite resistance to the expulsion of 
urine. If the resistance offered by the sphinc- 
ters, however, is so great that it cannot be 
overcome by a simple voluntary increase in 
the intra-abdominal pressure, bladder dilata- 
tions will merely increase the residual urine 
and increase the incontinence. 

The second objection is that any attempt 
to empty the bladder by forceful straining in 
the presence of definite resistance at the blad- 
der neck will result in a regurgitation of urine 
up the ureters with subsequent dilatation of 
these. Also, that dilatation of the bladder by 
hydrostatic pressure will bring about a similar 
regurgitation, and since the bladder urine in 
these cases is usually infected, there is the 
added risk of introducing the infection into 
the kidney pelvis and calyces. This, however, 
has not occurred in a single case. There has 
been no evidence of upper urinary tract in- 
fection, and absence of hydro-ureters and 
complete absence of regurgitation has been 
demonstrated in these cases by cystogram, 
and with the aid of straining at the time the 
roentgenogram was made (Fig. 4). 


RELAXED INTERNAL SPHINCTER—SPASTIC 
BLADDER WALL 


Four cases showed a spastic bladder wall 
and a relaxed internal sphincter. The degree 
of incontinence, the type of incontinence, the 
presence or absence of residual urine, and the 
ability to develop some control depend en- 
tirely on the status of the voluntary sphincter, 
and the degree of spasticity in the detrusor 
muscle. If the external sphincter is entirely 
absent, there is no resistance at the bladder 
neck, and a dribbling type of incontinence de- 
velops, each drop of urine being squeezed out 
as rapidly as it enters the bladder. In the 
presence of an intact voluntary sphincter, a 
dribbling type of incontinence may still be 
present, provided the sphincter is weak and 
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TABLE III.—CASES WITH RELAXED INTERNAL SPHINCTER AND SPASTIC BLADDER WALL 



































7 T T ae T + 
| | 
: | Before treatment | | After treatment | 
Case No Sensation , are SDE 
Sex Etiology in | Volosteny Clinical management | | 
Age perineum sphincter | Residual] Bladder Residual] Bladder | Results 
| urine | capacity | urine capacity] 
19 Spina bifida with Diminished | Impaired |o 150 All conservative measures failed 
(1241) myelomeningo- | c.cm. | 
M cele (4, 5L, all S) 
Q yrs. | | 
20 Spina bifida with | Total | Absent ° 65 c.cm.| None attempted } 
(K-181) myelomeningo- anesthesia | 
F cele (sL, all S) 
8 yrs. | 
2 Spina bifida with Complete | Absent ° 150 None attempted 
(1-150) myelomeningo- anesthesia | c.cm. 
M cele (4, sL, all S) | 
15 yrs. 
22 Transverse Normal | Intact 95 c.cm.| 285 Voluntary voidings every 45 min- | 45 to 50] 525 Excellent 
(505) myelitis (Post- | c.cm. utes, gradually lengthenedand | c.cm c.cm. | 
M infectious) schedule was completely stopped | | | 
I1 yrs. | | after 16 months. Bladder dila- | | 
| tations every 2 weeks, gradually | 
| decreased to once every 6 weeks | 











the detrusor muscle is spastic enough to over- 
come the resistance offered. Where the de- 
trusor muscle is only moderately spastic, an 
intact external sphincter may be able to re- 
tain urine up to a certain volume, beyond 
which point the stimulus to the former is 
great enough that a small amount is expelled, 
and the incontinence no longer consists of 
constant dribbling. As the strength of these 
two muscle components becomes more nearly 
equal, the bladder volume increases, the resid- 
ual urine increases, and the intervals be- 
tween the involuntary voidings decrease. 
This bladder from a clinical standpoint then 
becomes exactly the same as if both the blad- 
der wall and internal sphincter were spastic. 
When such is the case, the type of internal 
sphincter can best be determined by noting 
the presence or absence of filling in the poste- 
rior urethra in a cystogram. 

One of these 4 cases (Case 22) had no sen- 
sory change, an excellent voluntary sphincter, 
and a relaxed internal sphincter as proven 
by cystogram. Even though the detrusor 
muscle was extremely spastic, the strength of 
the voluntary sphincter was great enough to 
prevent a dribbling type of incontinence and 
permitted a residual urine of 95 cubic centi- 
meters. The intervals between involuntary 
voidings had decreased gradually so that when 
first seen, he was able to retain urine for 
about 45 minutes, at the end of which time he 
was usually incontinent because of his ex- 





treme urgency. Such cases can be cared for 
in the same manner as patients with a spastic 
bladder wall and spastic internal sphincter. 
He was placed on a definite schedule of vol- 
untary voiding every 45 minutes, and bladder 
dilatations were carried out regularly. After 
16 months, the bladder capacity was almost 
doubled, residual urine was reduced one-half, 
and he no longer carried out a definite schedule 
of voiding as his bladder sensation had im- 
proved and was present at a point lower than 
his total bladder capacity. His urgency had 
improved to the point where he could easily 
retain urine for 15 minutes after the first desire 
to void, and incontinence had not occurred 
during the day for several months. Nocturnal 
incontinence occurred only occasionally, in 
spite of the fact that the patient was no 
longer awakened at night for voiding. 

The second case (Case 19) had a partially 
intact voluntary sphincter as evidenced by the 
lack of any marked sensory disturbance in the 
perineum, but its resistance was too slight to 
prevent a dribbling type of urinary inconti- 
nence in the face of an extremely spastic blad- 
der wall. This patient is only 9 years of age, 
and some improvement may occur during the 
next few years if the voluntary sphincter 
should increase in power. If it improves to 
the point where a dribbling type of incon- 
tinence is prevented, bladder dilatations may 
be of help. Such a procedure has afforded no 
benefit at this time, however, as the voluntary 











sphincter seems to be too weak more than 
partially to control the incontinence. 

The 2 other cases had, in addition to the 
relaxed internal sphincter, complete absence 
of the voluntary sphincter as evidenced by a 
wide saddle-shaped area of perineal anesthesia, 
extending forward to include the penis and 
scrotum in the boy and the entire vulva in the 
girl. A dribbling type of incontinence was 
present in both and neither showed any resid- 
ual urine. With no resistance offered at the 
bladder neck or in any part of the urethra, 
there can be no hope for improvement from 
simple, conservative forms of clinical manage- 
ment. Neither can improvement with in- 
creasing age be expected, in the face of com- 
plete absence of both sphincters. 


RELAXED INTERNAL SPHINCTER 
BLADDER WALL 


RELAXED 


Five cases were represented by relaxation 
of both the bladder wall and internal sphinc- 
ter. This type presents the picture of exten- 
sive involvement of the lower spinal roots, ex- 
tending upward to a level high enough to 
assure complete destruction of the sympa- 
thetics as well as the parasympathetics. Four 
of the cases were complicated by the presence 
of myelomeningoceles which were excised early 
in life, the latest being at 3'% years. All 
showed wide saddle-shaped areas of perineal 
anesthesia and complete absence of the vol- 
untary sphincter. All except 1 showed defi- 
nite impairment of sensation in both lower 
extremities. Just how much the excision of 
the myelomeningocele had to do with the ex- 
tensive involvement in these cases is difficult 
to say. It was unquestionably the entire 
cause in Case 24, in which the excision was 
performed when patient was 3'% years of age. 
Prior to this time, the patient could walk, 
apparently had normal bladder and rectal 
control, and presented no evidence of sensory 
disturbance. Immediately following the op- 
eration, however, she presented flail lower ex- 
tremities, complete urinary and fecal incon- 
tinence, and total anesthesia from the waist 
down, which has persisted without evidence 
of change since. The 3 other patients, in 
whom the operation was performed, were too 
young at the time for the parents to know any- 
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thing in regard to the extent of their pre- 
operative involvement. 

All of these cases presented a dribbling type 
of incontinence which had been constant and 
had shown no evidence of change. Because of 
the complete lack of resistance to the outflow 
of urine, each bit dribbles out as fast as it 
enters the bladder. If asa result of position, a 
small amount of urine is retained in the blad- 
der, it immediately runs out as soon as the 
patient moves or stands. Because of this lack 
of resistance, no residual is found in such 
cases, or at most only a few drops. Two of 
these (Cases 24 and 27) were thought to have 
spastic internal sphincters when first seen 
because of the resistance encountered in the 
passage of a soft rubber catheter, and 1 had 
a residual urine of 135 cubic centimeters. This 
resistance subsequently disappeared, as did 
the residual urine in the 1 case, and both of 
these proved to be on the basis of mild in- 
flammatory urethral strictures. This was 
definitely proved when cystograms in both 
cases showed complete relaxation of the in- 
ternal sphincter. 

Attempts to bring about some control of 
the incontinence in these cases by conserva- 
tive clinical management were futile. Be- 
cause of the extensive involvement, and the 
complete absence of the external sphincter as 
proved by the impairment of sensation in the 
perineum, spontaneous improvement with in- 
creasing age is almost an impossibility. If 
this type of bladder should occur in the 
presence of an intact external sphincter, how- 
ever, the classification from a clinical stand- 
point would be identical with a relaxed blad- 
der wall in the presence of a spastic internal 
sphincter. In such a case, excellent results 
could be expected from training as already 
described in this type. 


NORMAL INTERNAL SPHINCTER—NORMAL 


BLADDER WALL 


Three cases in this series proved to have 
perfectly normal bladder mechanisms in spite 
of the fact that incontinence persisted for 
several years in all cases. None of these pa- 
tients ever had a dribbling type of incon- 
tinence, but instead an incontinence of invol- 
untary voiding at irregular intervals. None 
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TABLE IV.—CASES WITH RELAXED INTERNAL SPHINCTER AND RELAXED BLADDER WALL 



























































Case No. | Sensation ? | Pe ae " 
Sex Etiology | in | Volantan | Residual | | ste | Clinical management | Results 
Age | perineum | phincter | urine | capacity | | 
23 Occult spina bifida | Total Absent | ° 200 c.cm. | Allconservative measures failed 
(M-43) (4, 5L, all S) | anes- | | 
M | thesia | 
5 yrs. | _| | 
24 Spina bifida with mye- | Total | Absent 135 c.cm. | 425 c.cm. “All conservative measures failed | 
(M-76) lomeningocele (11, anes- which | | 
F 12T, all L, and all S) thesia disap- 
8 yrs. peared 
upon 
dilata- 
tion of 
urethral 
_ Stricture | 
25 Spina bifida with mye- me Total Absent _ ey ° | 350 C.cm. | Allconservative measures failed | 
(1-184) lomeningocele (5L, anes- | 
M all S) thesia | 
5 yrs. | 
26 Spina bifida with mye- - 14 Total Absent ° | r50c.cm. | All conservative measures failed | 
(G-118) lomeningocele | anes- e | 
F (3, 4, 5L, all S) | thesia 
6 yrs. | | | 
27 Spina bifida with mye- | Total | Absent | ° | 140 c.cm. | All conservative measures failed 
(J-51) lomeningocele (all S) | anes- | | 
F thesia | | 
7 yrs. | | | 
of the 3 patients presented evidence of sensory _ basis of irritation of the nerve roots in connec- 


changes in the perineum, the pudendal nerves 
and the voluntary sphincters therefore being 
intact. In Case 30, incontinence during the 
day slowly improved after patient was 3 years 
of age, and had entirely disappeared after the 
fourth year. Nocturnal incontinence per- 
sisted for 1 more year, then also disappeared, 
and this patient now has perfect control at 
all times. In Case 29 patient showed no evi- 
dence of improvement until he was 5 years of 
age, then during a period of 3 years developed 
perfect control during the day, although his 
nocturnal enuresis persisted. In Case 28 pa- 
tient showed no evidence of change in incon- 
tinence until he was 13 years of age. During 
the next 2 year period, there was gradual im- 
provement to the point where, at the end of 
his fifteenth year, he had perfect control dur- 
ing the day, although he was still occasionally 
wet at night. Fluids were then discontinued 
after 5:00 p.m., and on this schedule he main- 
tained perfect control at all times. 

In this type of case, an excellent prognosis 
can always be given although several years 
may be required for the development of ade- 
quate control. The only treatment ever indi- 
cated is some form of simple training to aid in 
the bladder re-education. The original tem- 
porary incontinence is best explained on the 





tion with the laminal defect, without actual 
destruction of any of the nerve elements. 


CONSIDERATION OF RECOMMENDED 
SURGICAL PROCEDURES 

Nineteen of the cases included in this report 
either developed control spontaneously or 
were materially aided by conservative pro- 
cedures. Thirteen cases showed changes in 
the incontinence as definite evidence of spon- 
taneous improvement, this improvement con- 
tinuing up through the age of puberty in some 
instances. The 17 other cases remained sta- 
tionary, and there was no change as evidence 
of progressive involvement of the nerve roots 
in any. In 5 other cases not included in this 
report, because cystometric studies were not 
made, 3 gave a history of definite spontaneous 
improvement with increasing age. The ability 
to improve spontaneously obviously depends 
on the type of bladder present. Symptoms of 
bladder incontinence dated from birth in all 
cases definitely on the basis of a spina bifida, 
except in the 1 case which followed excision of 
a myelomeningocele. In none of these cases 
did symptoms of incontinence appear later 
in life after having enjoyed apparently normal 
bladder mechanism in earlier years, as_re- 
ported by Frazier, Leopold, and Findlay. Any 
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TABLE V.—CASES WITH NORMAL INTERNAL SPHINCTER AND NORMAL BLADDER WALL 
a — ee ] —— a oe ne a es en we 
ase NO. ensation y, . | 
> | aon : Voluntary | Residual | Bladder “Yin ne 
te | Etiology Oe sphincter tee capacity Clinical management Results 
28 - | Occult spina bifida | Normal Intact ° 450 c.cm. | Fluid intake discontinued after 5:00 p.m. to Excellent 
ie i-231) | (allS | control nocturnal enuresis 
15 yrs. | 
29 Occult spina bifida | Normal Intact 25¢.cm. | 200¢.cm. | Fluids discontinued after 5:00 p.m. Awakened | Excellent 
I-107) (1S only) twice each night for voiding but after 4 mos. 
M he learned to wake voluntarily 
5 vrs. | 
1 a See! o — ia 
30 ' | ome omy bifida | Normal | Intact ° 225 c.cm. | None indicated | 
(I-94) (5L only) | 
F | | 


0 yrs. | 


case of incontinence which develops in an 
older child who had previously had good con- 
trol and which is definitely progressive, should 
not be classed as due to a spina bifida until all 
other possibilities have been definitely ruled 
out, particularly central nervous system 
syphilis and spinal cord tumor. Where there 
is a definite history of preceding illness, a 
transverse myelitis on an infectious basis also 
has to be considered, although the symptoms 
in this are usually non-progressive after once 
established and the acute stage of the illness 
has passed. All forms of surgical procedures 
are contra-indicated prior to the age of 
puberty regardless of the type of bladder en- 
countered, because of the possibility of spon- 
taneous improvement. This is true even with 
complete lack of improvement following con- 
servative measures directed toward bladder 
re-education. Certain types of operations can 
be considered later in some of the cases of 
this series who have not shown evidence of 
change, but the only one old enough for con- 
sideration at present is the case already de- 
scribed in which operation was refused. 
During the past few years, various forms 
of operative procedures have been advised for 
the control of such urinary incontinence. The 
use of presacral neurectomy in these cases has 
already been discussed together with its indi- 
cations. Definite improvement and often per- 
fect control have frequently been reported 
(Learmonth, Richer, and Craig), while in- 
stances of complete failure have also been re- 
ported by Learmonth. Suitable cases can be 
selected only by careful cystometric studies, 
and failures following the operation are prob- 
ably the result of its use in unsuitable cases, 








as Case 10 of this series indicates. Aside from 
this operation, the one most widely tried has 
been laminectomy for the removal of mis- 
placed ligaments, fibrous bands and masses, 
and the removal of fatty tumors from the in- 
volved regions. Some beneficial results have 
been reported following the procedure. (Cath- 
cart, Francois, Bize, Mertz, Delbet and Léri, 
Brechot, and Jacobovici). At the same time, 
however, complete failures have been reported 
with sufficient frequency to cast considerable 
doubt upon the value of the operation (Bize, 
Learmonth, Leopold, Mertz, and Smith and 
Engel). Beer reports that Legueu has failed 
on laminectomy in these cases associated 
with spina bifida even to find such misplaced 
ligaments or fibrous bands. 

The use of a muscle transplant to the ure- 
thra for control of urinary incontinence was 
first reported by Deming in 1926, in which 
the gracilis muscle was used. The case re- 
ported was in a woman, 21 years of age,with 
congenital absence of both sphincters asso- 
ciated with an epispadias, and the result ob- 
tained was good. Player and Callander later 
reported its use in a man with incontinence 
following prostatectomy and 65 to 75 per cent 
control was obtained. Smith and Engel report 
its use in cases of spina bifida with satisfactory 
results in some, and in others, complete fail- 
ure. Miller has made use of the pyramidalis 
muscle and a portion of the rectus sheath in a 
similar type of operation in females. Such a 
procedure is not applicable in the attempted 
control of spina bifida urinary incontinence 
except in those cases in which complete re- 
laxation of both the bladder wall and internal 
sphincter and total absence of the voluntary 
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sphincter exist. Such a procedure may be 
applicable in Cases 23, 24, 25, 26, and 27 of 
this series after these patients have passed the 
age of puberty. Its use in those cases with 
relaxed internal sphincter and spastic bladder 
wall would be of no benefit, as the power of 
the spastic bladder wall would, in all proba- 
bility, be great enough easily to overcome the 
added resistance offered by the transplant. 
This is especially true if the voluntary sphinc- 
ter has remained intact and is unable to con- 
trol the incontinence. The difficulty would 
lie in the inability to establish accurately the 
degree of spasticity in the bladder wall and 
the amount of added resistance which could 
be expected from the transplant in each in- 
dividual case. Its use in cases in which both 
the bladder wall and internal sphincter are 
spastic may seem logical, but operative pro- 
cedures are not usually necessary in these 
cases since practically all of them can be cor- 
rected by more conservative measures. 

Young has described a plastic operation 
upon the vesical sphincters for use in these 
cases. Caulk has recently reported a series 
of 26 cases of urinary obstruction in children, 
in 5 of which there was an associated spina 
bifida, treated by cautery punch. Of 2 cases 
with an associated spina bifida reported in 
detail, and in which congenital valves were 
demonstrated by cystoscopy, 1 regained per- 
fect control while there was no benefit ob- 
tained in the second. Such a procedure should 
be used with extreme caution in cases of in- 
continence with an associated spina bifida. 
It should never be considered until after the 
age of puberty and not until after simple 
forms of clinical management have failed to 
bring about any improvement. Even then 
the presence of true congenital valves must be 
demonstrated at cystoscopy, and the bladder 
must be proved by cystometric studies to be 
of a type in which perfect control could be 
otherwise ordinarily established without the 
aid of surgical intervention. Unless these 
prerequisites are closely adhered to, such a 
procedure will continue to show a high per- 
centage of failures. 

Another surgical procedure often considered 
for possible relief of urinary incontinence in 
these cases is uretero-enterostomy, popular- 


ized py the work of Coffey. If its use is to be 
followed by control of the incontinence, how- 
ever, an intact and excellent rectal sphincter 
must be present. In addition to the informa- 
tion obtained in regard to the status of the 
rectal sphincters from digital examination, 
the condition of the voluntary sphincter can 
be accurately estimated from the degree of 
sensory disturbance in the skin of the peri- 
neum. The status of the involuntary sphinc- 
ter of the rectum, however, cannot be esti- 
mated from the type of internal sphincter 
present at the bladder neck, for in 5 cases they 
have been found to be directly opposite in 
action. Eleven of the cases in this series gave 
a history of fecal incontinence consisting of 
almost constant contamination since birth. 
The incontinence in many instances was suf- 
ficient to require the constant use of perineal 
pads. Ten patients were constipated with 
only occasional incontinence, but attempts 
had been made in most of these to correct the 
constipation with the use of cathartics, and 
this merely produced a total incontinence as a 
result of the watery stools which often lasted 
for 48 hours each time. The 9 other cases had 
developed satisfactory rectal control, but all 
of these cases also developed excellent bladder 
control either spontaneously or with the aid 
of conservative measures so that there was 
no need to consider operative procedures. In 
those cases with a persistent fecal incontinence 
or in whom incontinence develops after the 
use of cathartics, uretero-enterostomy cannot 
be expected to afford any relief of the urinary 
incontinence, as an uncontrollable fecal incon- 
tinence will merely be substituted. 

The fecal incontinence in every case was 
easily controlled with the aid of large enemas 
given daily or every second day. The only 
cases in which difficulty was encountered were 
those with completely relaxed rectal sphinc- 
ters. In these, the total absence of tone in the 
sphincters allowed the water to run out as 
fast as it was introduced. A soft rubber 
catheter was then substituted for the usual 
type of enema nozzle; the catheter was in- 
serted for a distance of 4 to 5 inches before the 
enema was given, and this afforded excellent 
results in all cases, even in those not constipa- 
ted and who had no rectal sphincter tone. 





SUMMARY 


By careful cystometric studies all bladders 
can be classified according to the type of 
physiological conditions present, i.e., accord- 
ing to the status of the two involuntary muscle 
components (detrusor muscle and internal 
sphincter) and of the voluntary sphincter. It 
is shown that the bladder wall and internal 
sphincter may both be spastic or relaxed or 
may present any combination of these two 
states. Moreover, aside from this involuntary 
mechanism, we find marked changes in the 
voluntary sphincter, even complete absence 
in many cases. The status of this sphincter 
can be accurately estimated by determining 
the degree of impairment in the sensory dis- 
tribution of the pudendal plexus, from which 
the nerve supply to the voluntary sphincter 
is derived. 

Treatment is easily rationalized according 
to the type of bladder as found by the cysto- 
metric studies. If there is good sphincteric 
control and a relaxed bladder wall, this con- 
sists of voluntary voiding at regular intervals 
by a voluntary increase in the intra-abdom- 
inal pressure. But if there is an associated 
spasticity in the detrusor muscle, occasional 
bladder dilatations must also be used in order 
to decrease this spasticity and furnish a satis- 
factory bladder capacity. If sphincteric con- 
trol is entirely absent, however, correction of 
the incontinence through simple conservative 
measures is not possible. 

It is shown that there is no clinical relation- 
ship between the size of the congenital defect 
and the degree of urinary or fecal incontinence, 
or the degree of impairment in the sensory 
distribution of the pudendal plexus. 

No single operative procedure meets the 
requirements of all cases and, in the majority 
of instances, are not indicated. Most cases 
of spina bifida urinary incontinence fall into 
types in which marked improvement and 
often perfect control can be expected from 
simple conservative measures. 

CONCLUSIONS 

1. Careful cystometric studies make pos- 
sible an accurate classification of the physio- 
logical condition of the bladder encountered 
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in each individual case of urinary inconti- 
nence. 

2. Excellent control can be established in 
most cases with a spastic internal sphincter 
and relaxed bladder wall, by simple forms of 
bladder re-education as described herein. 

3. Excellent control can be expected in 
most cases in which both the bladder wall and 
internal sphincter are spastic by the same 
form of management, together with occasional 
bladder dilatations to increase the bladder 
capacity and decrease the spasticity of the 
detrusor muscle. 

4. Operative procedures for attempted cor- 
rection of spina bifida urinary incontinence 
are never justified prior to the age of puberty. 
Neither are they justified until after simple 
forms of clinical management have com- 
pletely failed to bring about improvement. 

5. The proper use of large enemas has made 
possible the control of associated fecal incon- 
tinence in all cases. 
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CARCINOMA OF THE COLON 


A Study of 38 Cases 


W. F. GEMMILL, M.D., F.A.C.S., York, Pennsylvania 


N this country the great mass of human 
ills is diagnosed and treated outside of 
the great medical centers, and malig- 
nancy of the colon is no exception to the 

rule. Many of the patients with malignant 
lesions of the large bowel for various reasons 
have not consulted a physician. They are ad- 
mitted to the local general hospital when 
obstructive symptoms (which occur in 36.9 
per cent) become manifest. The management 
of such patients is undertaken as a rule by 
some member of the surgical staff, and they 
are rushed to the operating room, often without 
adequate planning or arrangement for the ap- 
propriate surgical maneuver necessary for the 
best results. 

Etiologically, there is a familial tendency 
toward polyposis; Rankin (13) reports 2 fam- 
ilies with 5 cases of the disease in each family. 
Since malignant changes occur in 4o per cent 
of the cases of polyposis or adenomatosis, it is 
readily understood why multiple carcinomas 
are so commonly associated with this condi- 
tion. 

Chemical and physical trauma must be re- 
garded as aggravating factors, as is demon- 
strated by the frequency of cecal carcinomas. 
Such growths are prone to cause weakness and 
anemia without visible blood loss, and the 
blood picture may simulate a pernicious ane- 
mia. One of the cases in this series had been 
hospitalized several times for an agranulocytic 
anemia. The blood picture became normal, 
and the patient gained 35 pounds in weight, 
after a single barrel type of colostomy was 
performed above an inoperable metastatic 
rectosigmoidal carcinoma. It is in the cecal 
portion of the bowel that there is found a sud- 
den change in the chemistry and _ bacterial 
flora of the intestine, and more or less cecal 
stasis, depending upon the degree of muscular 
tonus of the bowel. 

The sphincteric action, mucosal changes, 
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and narrow caliber of the rectosigmoid, plus 
the physical trauma which is produced by hard 
scybalous stools accounts for the overwhelm- 
ing incidence of carcinoma in this region of 
the body. 

Early in the disease there are no pathog- 
nomonic symptoms. Even late in the disease 
the condition may masquerade under the 
name of some fictitious disease, or a disease 
that is more prevalent. Only a small number, 
approximately 1o per cent, have symptoms 
that are evidenced by change in intestinal 
habit or by intestinal irregularities, such as 
mucus diarrhea or alternating periods of diar- 
rhea and constipation. Morning diarrhea is 
not an outstanding symptom, but the passage 
of mucus is fairly common. The author has 
seen a number of patients diagnosed and 
treated for “ulcerative colitis.’’ Blood is not 
found in the stools in cecal growths, nor do 
pencilor ribbon stools appear unless there is an 
occluding growth of the anus or low pelvic 
rectum. 

It is an indisputable fact that malignancy of 
many organs of the body is on the increase. 
Whether malignancy of the colon is actually 
on the increase or because of a more universal 
use of the finger, sigmoidoscope and contrast 
enema, more growths are diagnosed, is a point 
yet to be decided. 

In any event, it would seem that the rank 
and file of the profession have not as yet de- 
veloped a cancer consciousness, in so far as the 
colon is concerned. If this were not true we 
would have a less number of cases treated for 
ulcerative colitis and dyskinetic and similar 
disturbances by the general practitioner and 
internist; and a less number of cases of car- 
cinoma of the cecum in which operation would 
be performed for appendiceal abscess by the 
surgeon. 

It must never be forgotten that a movable 
mass in the right iliac region is hardly of 














appendiceal origin, while a fixed mass does 
not mitigate against the possibility of a well 
advanced, heavily infected, adherent, cecal 
carcinoma. 

In this type of carcinoma the growth often 
begins on the cecal wall, opposite the ileo- 
cecal valve, and lying at the lowermost part 
of the sewer trap becomes invaded with or- 
ganisms teeming in the liquid fecal material 
which bathes the growth. The reaction of the 
tissue to infection causes an elevation of tem- 
perature, thereby simulating appendiceal 
abscess. 

The growth at times encroaches upon the 
ileocecal valve and when this occurs mild or 
even severe obstructive and toxic symptoms 
may ensue. 

The anemia that we associate with these le- 
sions may not obtain. The barium enema 
may show no filling defect as the whole blind 
pouch of the cecum may be filled with the 
growth and present a smooth upper surface, 
which may be mistaken for the lower part of 
the caput. 

A tumor mass in the cecum or ascending 
colon may be of benign origin, as an argen- 
taffine tumor asdescribed by Lee, lending itself 
admirably to total extirpation. Because of 
the possibility of benignity, the abdomen 
should be explored even in apparently ad- 
vanced cases. 

The colon, originating from the midgut and 
posterior part of the straight tube of the em- 
bryo, is both anatomically and embryologi- 
cally different in its right and left portions. 
The right half of the colon is supplied by the 
superior mesenteric artery and like the small 
bowel springs from the midgut of the embryo. 
The small bowel and the left colon is supplied 
by the inferior mesenteric artery with the su- 
perior hemorrhoidal and sigmoidal arteries as 
its two terminal branches. A knowledge of 
the exact origin and ramifications of these ves- 
sels is essential in order to preserve the blood 
supply in the operative removal of rectal and 
rectosigmoidal growths. 

The lymphatics of the right colon are rela- 
tively few in number and are closely situated 
to the bowel wall, which accounts for the late 
metastasis and relatively easy removal of 
glandular metastasis in right sided lesions. 
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The lymphatic drainage of the left colon and 
lower bowel is quite extensive and according 
to Miles has an upward, a downward, and a 
lateral spread, the dividing line being the 
lower Houston valve. The upward spread ex- 
tends along the mesorectum to the bifurcation 
of the great vessels and thence along the aorta 
to the liver. The lower lymphatic drainage 
spread extends downward from the last Hous- 
ton valve, and the lymphatic vessels of the 
anus are drained into the regional inguinal 
lymphatic nodes. 

Vagal and superior mesenteric nerves sup- 
ply the right colon and the sacral and inferior 
mesenteric nerves supply the left half of the 
colon. From a clinical standpoint it is impor- 
tant to consider the distribution of the nerves 
as well as the circulation and lymphatic drain- 
age at the pectinate line. Below the dentate 
line are the cerebrospinal nerves, the caval 
circulation, and the somatic lymphatics, while 
above the line are the sympathetic system of 
nerves, the portal circulation, and the visceral 
lymphatics. 

According to Buie it is this arrangement, 
with no pain fibers above the pectinate line, 
that is responsible for rectal growths reaching 
such large dimensions before the patient seeks 
advice. In fact, pain may not be a disquieting 
factor until the growth has deeply invaded the 
bowel wall or has produced obstructive symp- 
toms. 

Enlarged glands along the great vessels or 
widespread metastasis to the liver, occurring 
in 56 per cent of the cases reported, causes the 
lesion to be inoperable from a standpoint of 
cure. X-ray therapy is inadvisable as a rule, 
because of the radioresistant factors inherent 
in colonic growth and x-ray treatments may 
cause an aggravation of the concomitant 
anemia. 

It is estimated that approximately 46 per 
cent of patients with carcinoma of the colon 
have regional enlargement of the lymph nodes 
and yet such patients are considered to be 
operable. 

Enlarged lymph nodes in the region of a 
malignant growth may mean infection and 
not metastasis; and the removal of the origi- 
nal growth may have a carcinolytic effect on 
any metastasis that may exist. 
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Comparison of cecal and_ rectosigmoidal 
conditions is given in Table I. 


TABLE I. 
Rectosigmoidal growths 
A. Annular scirrhous 
growths 
Bowel small caliber 
Metastasis relatively 
rapid 
D. Constipated traumatiz- 


Cecal growths 
A. Flat cauliflower growths 
B. Bowel large caliber 
C. Metastasis slow B. 
D. Liquid stool Os 
E. Obstruction late 
F. No blood in stool 
G. Anemia early and per- ing stool 
sistent FE. Obstruction early 
F. Blood and mucus fre- 
quent 
G. Anemia late 

The causes of death in the untreated cases 
are obstruction, perforation, and peritonitis. 
The mortality is 100 per cent without treat- 
ment; for this reason a surgeon is justified in 
taking greater chances and operating on 
poorer surgical risks than in any other type of 
surgery; even though this attitude may cause 
an elevation of surgical deaths. 

In the treated cases sepsis is the chief cause 
of death, but in the final analysis the mortal- 
ity falls from 100 per cent to 60 or 70 per cent, 
with a primary mortality of 40.6 per cent in 
this group. 

The death rate has been lowered by intra- 
peritoneal vaccines and more recently by flood- 
ing the peritoneal cavity 4 to 6 hours before 
operation with 100 cubic centimeters of amni- 
otic fluid concentrate. The systemic white 
count rises in 3 hours to approximately 25,000. 
There is no question that the stage operation 
stimulates the defense mechanism of the peri- 
toneal cavity, thereby eliminating the neces- 
sity for the intraperitoneal injection of foreign 
material. 

The pre-operative and postoperative care of 
these patients is secondary in importance only 
to the operation itself. Practically all pa- 
tients admitted to the hospital are in water 
and chemical imbalance, which must be cor- 
rected before any radical operation is per- 
formed. Dextrose 5 per cent in physiological 
salt solution is given by phleboclysis; but 
should be discontinued several hours before 
giving an indirect blood transfusion. Several 
severe reactions have occurred in our cases 
when this precaution was not observed, and 
the dextrose permitted to flow into the vein 
continuously until the blood was given. 
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Blood transfusion by the indirect method is 
given in all cases after operation and in the 
poorer risks routinely before operation is per- 
formed. 

If the patient is suffering from acute ob- 
struction on admission to the hospital, an at- 
tempt is made to decompress the bowels by 
medical means. Approximately 80 to go per 
cent of patients with obstruction can be re- 
lieved by diet, enemas, and saline laxatives, 
and more recently we have found the Sya-vac 
to be of inestimable value. If it does not tem- 
porarily relieve the obstruction, it at least 
deflates the patient, making a colostomy or 
cecostomy technically easier. The siphonage 
removes the pocketed fluid, renews intestinal 
tonus, and provides for a smoother general 
anesthesia. 

After operation the siphonage is used to pre- 
vent vomiting, gas pains, and distention, and 
also to give the patient the psychical pleasure 
of drinking small quantities of water, which 
can be siphoned back at will. Usually no wa- 
ter is given by mouth for the first 2 or 3 days, 
or until the colostomy is functioning. The 
fluid requirements are met by phleboclysis, 
which is discontinued as soon as the “intake 
and the output chart” show that a consider- 
able amount of fluid is being taken by os, and 
that the kidneys are eliminating satisfactorily. 
It is dangerous to infuse an excessive amount 
of salt solution in the vein of a patient who has 
been chronically sick, suffering from hypohy- 
dration and poor kidney elimination. 

If medical decompression fails, immediate 
surgical decompression becomes imperative. 
This is readily performed under local or spinal 
anesthesia. A large Pezzer catheter is intro- 
duced into the cecum by the Senn method. 
One-half of the bulbous portion of the cath- 
eter should be cut away; the remaining flanged 
portion permits traction and prevents leakage. 

The cecum should be brought well into the 
incision and, if surrounded by iodoform gauze 
to stimulate adhesions between the intestine 
and the abdominal wall, no sutures will be 
needed for fixation. Decompression of the 
colon through the catheter can be started im- 
mediately. 

After the patient has overcome his water 
and chemical imbalance and the cecostomy is 
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functioning well, a left rectus incision is made, 
and the liver, aortic glands, and regional lym- 
phatics are examined in the order named for 
metastasis and for operability of the growth. 

If the case is proved to be inoperable, noth- 
ing further is done. The large cecostomy open- 
ing will usually suffice for the short time the 
patient has remaining of life. On the other 
hand, if the cecostomy opening is relatively 
small or contraction of the outlet takes place, 
the stenosis may cause the surgeon consider- 
able embarrassment and the patient much 
physical discomfort and mental anguish. 

In lesser degrees of obstruction or if the 
medical decompression has been only partially 
successful, a left rectus incision is made. 
When the abdomen is opened a carcinoma of 
the descending colon or the upper sigmoid 
may be found with no regional metastasis. 
The mesentery may be so long as to permit 
the entire portion of the colon affected to- 
gether with several inches of bowel on either 
side of the lesion to be brought out of the ab- 
domen. The obstructive type of resection de- 
scribed by Rankin is out of the question for 
the patient is already obstructed, and imme- 
diate surgical decompression is essential. If an 
immediate resection of the loop is done, and a 
tube placed in the proximal end, contamina- 
tion is very probable. 

Under such conditions one may utilize the 
Mikulicz type of operation and resort to the 
rather poor surgical procedure of placing a 
Pezzer catheter proximal to the extraperi- 
tonealized growth. After decompression of 
the gut and granulation of the loop to the ab- 
dominal wall, the entire growth can be cut 
away with a knife or cautery. At a later date 
the continuity of the bowel may be re-estab- 
lished by cutting out the septum of the spur. 
Several months later closure of the opening in 
the abdominal wall can be undertaken. The 
author has one 6 year cure, where such a pro- 
cedure was done with entire satisfaction. One 
great danger of a simple Mikulicz operation is 
recurrence at the site of the colostomy; fur- 
thermore the regional glands are not removed 
by this operation. 

Radium has usually proved useless in treat- 
ing carcinoma of the colon except in selected 
inoperable cases of cancer of the rectum. 
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Binkley recommends radium in those cases 
in which a preliminary therapeutic test by 
x-ray demonstrates considerable radiosensi- 
tivity. 

Surgical diathermy according to Strauss has 
been a highly gratifying type of treatment in 
his hands for even the well advanced cases of 
the perineal and pelvic rectum. 

Colostomy is frequently a prerequisite as 
the edema and swelling that accompanies this 
type of treatment may cause acute obstruc- 
tion in a previously narrowed lumen. The au- 
thor has found this treatment generally unsat- 
isfactory. Polyps with early tendency to de- 
generate into malignancy are easily eradicated. 
The same is true of the villous type of growth, 
and of the small, flat, superficially attached 
lesions of low malignancy. This operation is 
welcomed by the patient in preference to a 
serious major surgical procedure with the pos- 
sible loss of bowel continuity. 

The type of operation for the individual case 
depends upon the skill of the surgeon, the 
physical condition and age of the patient, and 
the location of the lesion. 

Nearly every surgeon performing many of 
these operations, develops some reasonably 
satisfactory method for handling a growth in 
a particular location. Generally speaking the 
type of operation that would seem most appli- 
cable for a lesion of the right colon is an anas- 
tomosis of the ileum with the transverse colon 
as a first stage, followed later by removal of 
the cecum and ascending colon as a second 
stage procedure. The modified Mikulicz 
method of Lahey (7) has much to recommend 
it, requiring as it does less technical skill. 

In fixed growths with considerable shorten- 
ing, thickening, and edema of the parietal 
peritoneum, the complete removal may leave 
a very large raw area difficult to peritonealize. 
Intestinal obstruction may ensue from this 
cause or from leakage along the spur with 
concomitant inflammatory reaction, causing 
adherence and kinking of the ileum. Compli- 
cations are less likely to occur if the case has 
been well studied, properly diagnosed, and 
adequately prepared for a pre-arranged method 
of attack. 

For the transverse and descending colon as 
well as the sigmoid colon the Mikulicz or pref- 





















































Fig. 1. Posterior view of the open clamp,! demonstrat- 
ing the groove for the heavy thread or tape. 


erably the obstructive resection type of oper- 
ation is indicated, with subsequent restoration 
of the continuity of the bowel. There is much 
to recommend the Rankin (12) type of ob- 
structive resection, as it immediately removes 
the malignancy and regional lymph nodes. In 
stout individuals either one of these operations 
may be somewhat difficult. The ease of per- 
formance depends upon the depth of the inter- 
sigmoid recess and the length of the vertical 
and horizontal root of the mesocolon, as de- 
scribed by Callander. In resecting a growth 
of the descending colon, 2 or 3 extra inches can 
be added to the length of the mesocolon by 
cutting the avascular leaflet along the left 
lumbar gutter. 

Occasionally carcinoma of the rectum can 
be resected posteriorly after high mobilization 
of the bowel, followed by suturing the proxi- 
mal end to the skin margin. Obviously one 
cannot estimate the extent of the metastasis 
unless a preliminary laparotomy has been per- 
formed. Subsequently it will be necessary to 
perform a plastic operation, for sphincteric 
control, as described by Stone. The preferable 
type of procedure would seem to be a Miles 
operation in good risk cases and a loop or end 
colostomy followed by a posterior resection in 
poor risk cases. 

Malignancy of the rectosigmoid occurred in 
this group one and a half times as frequently 
as in all other locations of the colon combined. 
Although usually just beyond the reach of the 
examining finger per rectum, the growth can 
occasionally be felt in females in the left 
posterolateral fornix of the vagina, as a small, 
hard, rounded, somewhat nodular mass, that 
does not have the characteristic feel of tubo- 
ovarian disease. A sigmoidoscopic examina- 
tion readily demonstrates the true condition. 


_ "Made by Murray-Baumgartner Surgical Instrument Company, Bal- 
timore, Maryland. 
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Fig. 2. Anterior view of the open clamp, demonstrating 
the ribbed flat surface, and method of locking the instru- 
ment. 


The safest surgery is a graded procedure. 
The single stage operation of Miles, if used at 
all, should be reserved for the young and 
virile. If a one stage operation is performed 
upon a patient of 60 years and the patient 
dies, the burden of proof is on the surgeon. 

Unquestionably these rather inaccessible 
rectosigmoidal malignancies are best eradicated 
by a permanent colostomy and followed by an 
anterior or posterior resection, according to 
the Rankin (14) or Lahey (8) technique. For 
a number of years when an end colostomy was 
performed through a stab wound, the wrist 
band of a rubber glove was split and threaded 
over the attached Payr clamp; as a protective 
against any possible contamination. Recently 
there has appeared in the literature an im- 
provement of the method utilizing a 1 inch 
diameter of thin rubber tubing. 

In this series of 38 cases the Lahey opera- 
tion was performed three times. The first pa- 
tient died following the second stage posterior 
resection. The second patient developed in- 
testinal obstruction due to adhesions between 
the ileum and the cut mesentery, necessitat- 
ing an operation for relief of obstructive symp- 
toms. In the third case, a mobilization and an 
anterior resection of the distal end containing 
the growth was performed. 

Due to the difficulty of resecting the bowel 
well below the growth and making a proper 
closure of the stump, a special instrument 
(Figs. 1, 2, 3), with tape attached, was placed 
as low as possible and a right angled hysterec- 
tomy clamp placed proximally. The colon 
was then cut between the clamps with the 
cautery. By this method of resection there is 
no difficulty in peritonealizing the pelvis, and 
the stump of the rectum does not need to be 
removed. The patient is turned on the side 
and an opening is made between the anus and 
the coccyx. The tape is pulled out of the in- 
cision and cigarette drainage is instituted. 











| 
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The clamp sloughs off and is removed through 
the drainage tract by pulling on the tape. The 
use of the clamp obviates the danger of peri- 
tonitis following difficult suture of the stump 
from within the abdominal cavity. 

The Miles 1 stage, or the Lahey and Ran- 
kin 2 stage operation can be greatly expedited, 
and the danger of contamination from the dis- 
tal end and peritonitis can be practically elimi- 
nated by the use of this clamp. The instru- 
ment finds one of its chief fields of usefulness 
in the Lahey second stage procedure. When 
the coccyx has been removed, the fascia pro- 
pria cut, and the cellular space between the 
sacrum and rectum entered, no trouble is ex- 
perienced in finding the gut with clamp 
attached. 

There are certain advantages in the ante- 
rior resection and leaving the clamp attached 
to the rectal stump. The time incidence is 
considerably lessened, an item of no small im- 
portance in an aged debilitated patient. The 
loss of blood incident to removing the anus 
and growth may also be a deciding factor 
against the patient’s recovery. At times, be- 
cause of the long segment of bowel and size 
of the growth, some difficulty has been en- 
countered, when dropped back into the hollow 
of the sacrum, in extraperitonealizing the 
growth and distal colon, utilizing the method 
suggested by Lahey (6). This trouble is en- 
tirely obviated by an anterior resection as 
described. 

The disadvantage of the anterior resection, 
leaving in situ the rectal stump with clamp 
attached, is that it disregards one of the car- 
dinal principles of intestinal surgery. The 
peritoneal surface of the bowel is not brought 
into contact with peritoneal surface and the 
closure of the stump after the clamp has 
sloughed off, must depend upon the adhesive- 
ness of the bowel wall to the under surface of 
the peritoneum or some contiguous raw sur- 
face. 

One must consider the preliminary disin- 
fection of the rectum between the first and 
second stage, and that the cut bowel will se- 
crete only mucus, which apparently is well 
taken care of by the sacral drain. 

Two cases of this group developed no extra- 
peritoneal or intraperitoneal abscesses and in 
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Fig. 3. Demonstrating the curve of the female blade to 
facilitate the removal of the instrument through a small 
opening. Traction is made on the tape passed through the 
opening groove in the hinge end. 


both cases the sacral drainage tract closed 
entirely within two months. 

Rankin (11) states that in 26 cases in which 
the stump was left im situ in only 2 instances 
did it drain into the sinus established by the 
abdominal drainage tube. In all the cases re- 
ported by him the stump was closed with 
suture. 

Following the experience of having intes- 
tinal obstruction develop at the cut edge of 
the mesentery in the Lahey procedure, the 
advice of Cattell was taken, to suture the 
omentum to the V shaped edge of mesentery. 
This attachment of the omentum has the 
effect of walling off the left lower quadrant 
and mitigates against obstruction from this 
cause. At the second stage of the operation 
the omentum is readily separated from the 
edge of the mesentery, before the distal seg- 
ment is mobilized. 

Anesthesia is important to consider; and the 
type of anesthesia should be chosen that 
would seem best suited for the individual 
case. Ether gives good relaxation, and per- 
haps is the safest in the average case. Spinal 
anesthesia if used for the second stage should 
be done with the knowledge that contamina- 
tion of the operative field may occur unless 
the proximal bowel has been very well decom- 
pressed and the colostomy securely closed, or 
sidetracked. The cocoon closing of the colos- 
tomy opening may be entirely blown off by 
the gas, and feces may be forced through the 
colostomy opening by the intestinal tonus 
produced by the anesthetic. 

To obviate this difficulty rubber tissue dam 
is placed over the colostomy. A wide strip of 
wet proof adhesive is placed medial to the 





744 


opening. The rubber is placed with the edge 
overlapping about one-half of the adhesive 
and another strip of adhesive is placed exactly 
over the first strip which is attached to the 
skin. This last strip covers the edge of the 
rubber dam. Care should be taken to see that 
both strips of adhesive extends beyond the 
rubber tissue. The left edge of the rubber dam 
is allowed to remain open, and this maneuver 
guarantees a satisfactory field, free from con- 
tamination, for a midline incision. After op- 
eration the same method is continued in order 
to protect the newly made incision. 

On several occasions we have used avertin 
in the cecostomy or colostomy opening for 
laparotomizing the patient. It gives good re- 
laxation for the second stage maneuver, but 
it should not be used if there is a suspected 
liver metastasis. 

Care of the colostomy opening should begin 
by properly planning its location. An open- 
ing too close to the anterior spine of the ileum 
almost always insures leakage and embarrass- 
ment for the patient. A high, single barrel 
type of colostomy is preferable in every way, 
and if made in the left rectus by separating its 
fibers, fecal control is quite probable. 

Davis suggests that a helpful procedure to 
insure better control is to leave a considerable 
dependent loop proximal to the colostomy. 
The loop acts as a reservoir or ampulla for the 
artificial anus. 

A colostomy is not a serious handicap but 
frequently strict attention must be paid to the 
diet. No colostomy will function properly if 
the bowels are loose. Constipating medicines 
are in order, bi-weekly or tri-weekly irriga- 
tions are usually sufficient, and in some cases 
are dispensed with entirely. 

Colostomy cups and bags are usually well 
tolerated and are effective, but have the dis- 
advantage of becoming malodorous. In cer- 
tain individuals in order to prevent escape of 
embarrassing gases, the cup or bag is strapped 
so tightly that atrophy of the abdominal mus- 
culature occurs. A weakened area results and 
the bowel begins to protrude, which may con- 
tinue until there is considerable herniation. 

A prolapse of the bowel may occur at either 
a cecostomy or colostomy. The condition can 
be rectified by making a small incision through 
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the skin on either side of the herniation, and 
with a large needle and pilot suture of silk, 
pull a piece of silver wire subcutaneously from 
one incision to the other around one side of the 
bowel. The needle is then reinserted and made 
to exit at the point of entrance. The herniated 
bowel is then reduced and the silver wire 
twisted until the opening will loosely admit 
the index finger. The two small incisions are 
closed by suture. The results are found to be 
quite gratifying. 
STUDY OF 38 CASES 

A study of 38 cases of malignacy of the colon 
in 7,370 adult admissions, exclusive of 1,740 
maternity cases admitted during the same 
period shows an incidence of 0.51 per cent. 
All cases were proved to be malignant by 
autopsy, biopsy, and operation with visualiza- 
tion of the growth. . 

Of these 38 cases, there were 23 male pa- 
tients, and 15 female patients. Only 1 patient 
belonged to the colored race. Regarding age 
the youngest patient was a male, 20 years of 
age, who had a carcinoma of the splenic flex- 
ure of the colon. The oldest patient was a 
male 82 years of age who suffered from a car- 
cinoma of the rectum. He was the only pa- 
tient in this series to develop a parotiditis, 
considered to be a rather frequent complica- 
tion in malignancy of the colon. 

The average age incidence in this group is 
56.6 years (Table II). 


TABLE II.—AGE GROUPS 

Number 
Year Cases 
SE OSL ee ee oe eee Ue ee POLE ee ee Ceo I 
SRA OA ee sartal ny CAP ogc eRe See era eA a ne % 
peri ees eee air sb ino eee is ga as 7 
Oe rts sini ate lens ata ek eens sun RENT 8 
ee eee eet Oe eee ye ee eer ee oe ee 15 
CRS RRR one ree eA Late gis etre chs arene eer 2 
BD ren dela aie eae aries wd RA Uk SOS SS eS 2 


There was a considerable variance in the 
duration of the symptoms, one patient claiming 
to have had symptoms for 15 years; another 
patient who had the shortest duration of 
symptoms in this series complained for only 
2 weeks. It is quite understandable how a pa- 
tient who had colonic trouble for 15 years, 
would not allow anything to rise to his par- 
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TABLE III.—LESION, OPERATION, RESULT 
Location of the lesion 


Cecum and ascending colon .................... 5 
PRS ae UMNINID  Se nae Scsivte.s Sas 30.0 wwe 04. 69ca0 2 
EN SIE oo cciomceas Sic sie stir CASS OeAweusOD I 
AMIS oo 52.5. Goce wy daa ate sh gd Be Rise as I 
ee EO OE ee Cte 3 

3 

3 


SN NNNMN fats 055.c4 ded ard Wy 9X Sipla-e ordre bee eon 2: 
PEN ae id aig aia aors-oteaersu se erow ie Mieye Sates 


SRNINOEE 557.5 ais Soe etewraena say Mah aa Ges SNe 
NIN Ne icon pee tec Gwar BA CE aE OES I 
REIN wr dno o sin yo hank wie 4.0.9 hate a me Gale 
Mikulicz (2 on the right side) 
Surgical diathermy (Strauss).................... 
rcs ae ow ik HG ite a 


Lahey resection (2 stages) 
Exploratory laparotomy 


Wwnre hud 


Results of treatment 
Per cent 
Discharged improved.................. 12 an.5 
Discharged unimproved................ 7 18.4 
ROWE POMOVONS . 66. cece cias cues on 9 30.0 
PR oo cates beso yh SAGES ar wa K Rae 3 7.8 
Operative mortality rate............... 14 40.6 


ticular threshold of stimulation, sufficiently to 
seek relief. 

There were 14 patients admitted to the 
hospital suffering from obstruction; an inci- 
dence of 36.9 per cent. 

Eight patients for various reasons were not 
operated upon. Three of these patients died 
and the diagnosis in each case was proved at 
autopsy. 

An operative mortality rate of 40.6 per cent 
is entirely too high (Table III). It must be 
remembered, that this figure represents car- 
cinoma from every part of the colon. Almost 
one-half of the patients operated upon were 
suffering from obstruction on admission, and 
operation either a cecostomy or a colostomy 
was instituted as a temporary life saving 
measure. Many of these patients lived for 
several weeks after the operation, but re- 
mained in the hospital. All patients dying in 
the hospital, no matter how much time had 
elapsed following operation, were classified 
under operative mortality. 


SUMMARY AND CONCLUSIONS 


The question naturally arises: Is the present 
management of the colonic cancer patient, par- 
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ticularly in a relatively small general hospital, 
satisfactory? 

When we consider that there were only 38 
cases of proved cancer of the colon in 7,370 
admissions; the incident is not particularly 
frequent. If these 38 cases must be divided 
between 5 or 6 general surgeons on the staff, it 
gives any One man a very small experience in 
this particular field. 

If all cases of this type were referred to any 
one man on the surgical staff particularly in- 
terested, and well trained in this line of en- 
deavor, the mortality rate would undoubtedly 
be considerably lower. 

This study shows that approximately 37 
per cent were admitted suffering from ob- 
struction. According to Rankin 5 per cent 
show obstruction as the first symptom. This 
leaves 32 per cent of patients who must have 
symptoms for a period of days, weeks, or 
months. Either due to the patient’s perverse- 
ness or the attending physician’s lack of diag- 
nostic ability, or perhaps carelessness, in not 
sending the patient to a hospital for a diagnos- 
tic study, the patient is admitted as a last 
resort and often in a moribund condition. 

Pre-operative and postoperative treatment 
is stressed; particular attention being paid to 
the rapid restoration of the fluid and chemical 
imbalance of the patient. 
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CARBOHYDRATE METABOLISM DISTURBANCE IN 


OSTEOPOROSIS AND PAGET’S DISEASE 


Associated Soft Tissue Disturbances and Results of Various 


Therapeutic Procedures 


ROBERT C, MOEHLIG, M.D., and SIDNEY ADLER, M.D., Detroit, Michigan 


N THIS report we desire to stress the 

close association between carbohydrate 

metabolism and certain bone diseases, 

namely, osteoporosis and Paget’s dis- 
ease. In another report (26) it was shown that 
there is a high incidence of familial diabetes, 
familial obesity, and familial tallness, in these 
diseases. In one family, the father and mother 
died of diabetes and the 3 offspring have 
Paget’s disease. In addition the one son has 
diabetes and a ureteral calculus; one daughter 
has a cystic tumor of the jaw and a renal 
calculus; the other daughter has a calcified 
fibroid. The latter patient was reported pre- 
viously as suffering from osteoporosis, but 
since the article was written this condition has 
proceeded on to Paget’s disease despite para- 
thyroidectomy. Coincident with this the blood 
phosphatase became elevated, and a calcified 
fibroid has developed. The close association 
between Paget’s disease and osteoporosis was 
also emphasized, the latter being the first stage 
of Paget’s disease. 

The present study will supplement the one 
previously reported in that it covers a larger 
series and adds additional data. 

PAGET’S DISEASE 

Sex. Twenty-six patients with Paget’s dis- 
case were studied, of whom 14 were males and 
12 females. 

Age. The ages ranged from 34 to 67 years, 
with an average of 53.6 years (Table I). 

Dextrose tolerance tests. Dextrose tolerance 
tests were made on 18 of these patients. 

Of this number, 16 (10 males and 6 females) 
had a diabetic type curve; 2 were normal. In 
2 no studies were made. Of all patients 61.5 
per cent had diabetic dextrose tolerance 
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curves; 88.8 per cent of patients having the 
tolerance test were of the diabetic type. 

Familial constitutional tendencies. ‘Thirty 
per cent gave a familial history of diabetes. 
Eighty-three per cent gave a familial history 
of obesity; that is, one or more members of 
the immediate family weighed 200 pounds or 
more. A brother of 1 patient weighed over 
300 pounds and several had members of the 
immediate family weighing 250 pounds and 
more. Seventy-eight per cent gave a familial 
history of tallness; that is, one or more mem- 
bers of the immediate family had a height 
of 71 inches or more. 


TABLE I.—SEX AND AGE 
Males Females Ages | Average 
| 14 12 34 to 607 53.6 


yo to 70 | 54.2 


Panet’s dlasake> : 

Osteoporosis 5 21 

TABLE ti.— PAGET’S DISEASE, DEXTROSE 
TOLERANCE TEST 


| 
Abnormal = | 
amici Fasting ', hour t hour 2hours | 
curves | 
Per cent mgm., % | mgm.,% | mgm., % | mgm., % 
oe F 3 r .. = | 
©.117 0.157 | 0.167 | 0.143 Low 
61.5* ——— — - j-— 
: | 
O.1IL 0.174 | 0.175 | 0©.151 | Average 
88.8t —— — 
0.140 0.246 | 0.280 | 0.206 | High 





*Percentage of total number of patients. 
tPercentage of patients having dextrose tolerance tests. 


TABLE III.—FAMILIAL TENDENCIES 


|  Paget’s disease Osteoporosis 


per cent per cent 
Familial diabetes 7 | 30 00 34.00 
Familial tallness* i . 78.00 | 84 00 
Familial preernary — | "83 00 70.00 





*5 feet 11 inches or taller in the immediate family 
t200 pounds or over in the immediate family. 
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Associated conditions. Forty-four per cent 
of the patients had adenomatous goiters, of 
which 15.5 per cent were calcified. Thirty-two 
per cent had thyroparathyroidectomy. Of the 
women patients, 33.3 per cent had fibroids of 
the uterus. Of this number, 75 per cent were 
calcified as shown by roentgenograms and at 
operation. Fifteen and six tenths per cent of 
the patients had renal calculi demonstrable 
by roentgenograms, cystoscopy, and operative 
removal. Eleven per cent had gall stones. 





TABLE IV. ASSOCIATED CONDITIONS 
Paget's disease Osteoporosis 

per cent per cent 

Thyroid adenoma 44.00 65.00 

Calcified 15.50 24.00 

Fibroids of uterus 33.30 47.60 

Calcified 75.00 30.00 

Renal calculi 15.60* 15.00* 

Gall stones 11 .00* 16.00* 
*Per cent demonstrable by x-ray and operation 


OSTEOPOROSIS 


Sex. In the osteoporotic group there were 
26 patients, 5 males and 21 females. 

Age. The ages ranged from 40 to 70 years, 
with an average of 54.20 years. 

Dextrose tolerance tests. Twenty had dex- 
trose tolerance tests, and 18 of this number 
showed a diabetic type of curve (4 males and 
14 females). Two had normal curves and 6 
had no studies made. Seventy per cent of all 
patients had a diabetic type of tolerance curve. 
Ninety per cent of those having the test 
showed a diabetic dextrose curve. 

TABLE V.—OSTEOPOROSIS DEXTROSE 
TOLERANCE TEST 





Abnormal . 
sae Fasting hour 1 hour 2 hours 
curves 


c 


mgm., % . 


mem., “% y 


Per cent mgm., % megm., % 
0.167 0.143 Low 
90.0* = 


0.118 0.189 0.104 0.157 Average 


0.004 0.182 


70.0t 
7 > 


0.182 0.266 0.286 


0.234 | High 


*Percentage of total number of patients 
tPercentage of patients having dextrose tolerance tests 


Familial constitutional tendencies. Thirty- 
four per cent gave a familial history of dia- 
betes. Seventy per cent gave a familial his- 
tory of obesity, one or more members of the 





SURGERY, GYNECOLOGY AND OBSTETRICS 


immediate family weighing 200 pounds or 
more. Eighty-four per cent gave a familial 
history of tallness, one or more members of 
the immediate family were 71 inches or more 
in height. 

A ssocialed conditions. Sixty-five per cent of 
this group had adenomatous goiters, and 24 
per cent of these were calcified. Of this group 
38 per cent were operated upon, 27 per cent 
having had a thyroparathyroidectomy. Of the 
women patients, 47.6 per cent had fibroids of 
the uterus. Calcification was demonstrated by 
roentgenograms and operative removal in 30 
per cent of this group. Fifteen per cent of the 
patients had renal calculi demonstrable by 
roentgenograms, cystoscopy, and operative re- 
moval. Sixteen per cent of all patients had 
gall stones demonstrable by roentgenograms 
or operative removal. 


ANALYSIS OF DATA AND EVALUATION 


In analyzing the data herein submitted, it 
is seen that Paget’s disease and osteoporosis 
have much in common, such as similar glucose 
tolerance curves, familial background, and 
associated conditions. As pointed out previ- 
ously, osteoporosis is the first stage of Paget’s 
disease. It is seen that the sexes are about 
equally divided in Paget’s disease (14 male 
and 12 female). In the osteoporotic group, 
however, there is a marked preponderance of 
the female sex (5 male and 21 female). 

The average ages correspond very closely in 
both groups of this particular series (Paget’s, 
53.6 years; osteoporosis, 54.2 years). 

The percentage in both groups showing a 
diabetic type of dextrose tolerance curve is al- 
most equal and correspondingly high (Paget’s, 
88.8 per cent; osteoporosis, go per cent). In 
addition to this there is a rather high incidence 
of familial diabetes in both groups (30 and 
34 per cent, respectively). These facts com- 
bined with an unusually high incidence of 
familial obesity (83 and 70 per cent, respec- 
tively) as well as familial tallness (78 and 84 
per cent, respectively), seem to us to point 
rather conclusively to a constitutional meta- 
bolic background as an etiological factor in 
the production of these bone diseases. The 
association of diabetes and obesity is an ac- 
cepted corollary. 
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*1.75 grams dextrose kilogram body weight (via stomach tube) 


We would like to point out that the carbo- 
hydrate disturbance in these two diseases is 
of great importance. Emphasis should be 
placed on the fact as pointed out by Robison, 
Kay, Hunter, and others that phosphorus 
compounds are essential to the storage and 
utilization of carbohydrate and that they are 
essential to the deposition of bone. These 
phosphorus compounds, then, are of impor- 
tance in the diseases under discussion. The 
link between phosphorus compounds, carbo- 
hydrate metabolism, and bone takes on added 
significance in the light of our findings. There 
is an elevated phosphatase in many bone dis- 
eases; namely, Paget’s disease, hyperparathy- 
roidism, multiple myeloma, etc., as more re- 
cently emphasized by Gutman and associates. 
All our cases of Paget’s disease showed an 
elevation of plasma phosphatase but not one 
of the osteoporotic group were above normal 
(1.5 to 4 Bodansky units). In both groups the 
serum calcium and phosphorus were normal. 

In the study of bone diseases, dextrose tol- 
erance curves as well as phosphatase studies 
should be done routinely. 

As shown in other articles (26, 27), the dis- 
turbance in carbohydrate metabolism associ- 
ated with bone diseases can well be understood 
as having its origin in the pituitary gland. It 
was shown that hyperpituitary conditions, 
such as acromegaly and the pituitary baso- 
philia of Cushing, are associated with a dis- 
turbed carbohydrate metabolism and osteo- 
porosis. To this may be added our findings 
of familial diabetes, obesity, and tallness as 
strengthening the opinion that the pituitary 
gland is the primary etiological factor in the 











CARBOHYDRATE 


TABLE VI.—DEXTROSE TOLERANCE TEST* 





METABOLISM DISTURBANCE 


749 


| Fasting | ', hour 1 hour 2 hours Tre : 
| ek Oo | Co a Co * cr reatment 
number | of days | mgm., % | mgm., % mgm., % mgm., % 

| | 0.083 O.1I15 0.109 0.092 Control 
I | 150 | 0.084 0.133 0.127 0.003 

| ee — Ricsusadespah 
2 | | : aay 
3 | I | 0.085 0.112 0.121 0.109 Antuitrin ‘‘G"’ 2.0 ¢.cm. and 
4 | 150 | 0.097 } 17 0.163 0.136 Paroidin 1 c.cm. daily 
5 | 

average 
| nial 7 sailies 7 ‘ . . ry e 
6 I 0.007 0.1390 O.115 0.110 Antuitrin “G"’ 2 c.cm. daily 
150 O.115 ©.232 0.276 0.204 

7 I | 0.105 O.115 0.127 0.005 Paroidin 1 ¢.cm. daily 

| 150 | 0.124 0.134 0.129 0.124 


bone diseases, Paget’s disease, and osteopo- 
rosis. The more recent work has definitely 
shown that the pituitary gland is an impor- 
tant factor in carbohydrate and fat metabolism 
as well as participating in bone development 
and function. In its relation to carbohydrate 
and bone metabolism phosphorus seems to us 
an important factor. Houssay (14) found that 
hypophysectomy in the toad resulted in a 
lowering of the phosphocreatine (and also of 
the total phosphorus) in the muscles, particu- 
larly during the second week; the inorganic 
phosphorus is much less affected. It would 
seem from this that there is a very close re- 
lationship between phosphorus and the pit- 
uitary gland. The part played by the latter 
gland in carbohydrate, fat, metabolism and 
bone development and function is receiving 
deserved recognition. The empiric treatment 
of rickets by cod liver oil with its phosphorus 
fat content may find an explanation in its 
influence on the pituitary gland. Recently, 
Jores showed that light and darkness altered 
the melanophore stimulating hormone of the 
pituitary. The ‘“‘dark-hypophysis” contains 
two to three times the amount of blood pres- 
sure raising principle and uterine stimulating 
principle as the “‘light hypophysis.” This 
would assist us in understanding the benetits 
of sunshine in rickets and allied bone diseases. 

In experimental work on dogs now in prog- 
ress, anterior lobe growth hormone and para- 
thyroid extract are being used singly and in 
combination. The results of dextrose toler- 
ance tests which were performed during the 
experiments are given in Table VI. In this 
table is shown the effect of daily injections 


75° 


(subcutaneously) of “antuitrin growth hor- 
mone” (anterior lobe of the pituitary gland) 
and “‘paroidin’’ (parathyroid extract, Han- 
son) on normal full grown dogs. All the ani- 
mals were placed on standard weighed diets 
before the first dextrose tolerance tests were 
done. Subsequently, they were placed on high 
carbohydrate low fat weighed diets which were 
carefully checked by the dietitian in regard to 
food composition and caloric intake. 

It will be noted that the animal on the 
“‘srowth” hormone shows a typical diabetic 
dextrose tolerance curve associated with gly- 
cosuria. The animals on “growth” hormone 
and parathyroid extract show similar curves 
but to a less marked degree. The animal on 
parathyroid extract alone exhibits an essen- 
tially normal curve. The blood sugar curves 
above are the average determination of dex- 
trose tolerance tests done on each dog every 
3 weeks. 

John, Evans, Lucke (25), Barnes and Re- 
gan, Houssay (15) and many others have pre- 
sented convicting evidence that the anterior 
lobe of the pituitary gland (anterior lobe ex- 
tract) has a direct effect on carbohydrate me- 
tabolism. Collip has recently ably reviewed 
the work in this field. Most of the experi- 
ments to date seem to indicate that anterior 
lobe extracts (whole gland and more especially 
the ‘‘growth” factor) increase the blood sugar 
level and produce a diabetes-like blood sugar 
curve as evidenced by the dextrose tolerance 
test. 

Lucke (24) postulates that the action of the 
anterior lobe extracts is on the nervous center 
of carbohydrate metabolism and secondarily 
influences the secretion of the adrenals. How- 
ever, Houssay (14) found that the hormone 
acted the same way after extirpation of the 
adrenals; he stated that the liver was prob- 
ably the site of its action. Campos has shown 
that grafts of the anterior lobe of the pituitary 
prevented marked falls in blood sugar level 
and muscle glycogen in the toad. It is obvious 
from the reports in the literature and also 
from some of our present experiments that 
parathyroid extract has no primary action in 
producing the increase in blood sugar level or 


'The “‘antuitrin growth hormone’’ and ‘‘paroidin’’ used in these ex- 
periments has 
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been graciously supplied us by Parke Davis & Co., 
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the production of the diabetes-like blood sugar 
curves. In fact this extract acts more like 
insulin in its effect on blood sugar. This bears 
out the clinical results seen in patients in 
whom parathyroidectomy was performed in 
an attempt to arrest the progress of Paget’s 
disease and osteoporosis; nor was the ability 
of these patients to utilize carbohydrate in- 
creased by this procedure. 

It might be stated that the dogs who were 
insulin sensitive (as demonstrated by the 
method described by Himsworth) at the onset 
of this study are now exhibiting increasing 
resistance to insulin as the daily injections of 
the antuitrin growth hormone continue. This 
same condition has also been demonstrated in 
several patients with Paget’s disease and os- 
teoporosis. The detailed report on the bone 
findings and calcium-phosphorus and _ phos- 
phatase studies as well as a full report on the 
experiments here given will be reported at a 
later date. 

In the Paget’s group there were 44 per cent 
who had adenomatous goiters; 15.5 per cent 
of these were calcified. In 32 per cent a com- 
bined thyroparathyroidectomy had been per- 
formed by the late Dr. Max Ballin. 

In the osteoporotic group there were 65 per 
cent who had adenomatous goiters of which 
24 per cent were calcified. Thirty-eight per 
cent had operative removal of the goiter and 
27 per cent had a combined thyroparathy- 
roidectomy also performed by Dr. Ballin. In 
none of the patients of either group did symp- 
toms of tetany set in after parathyroidectomy. 

Hyperthyroidism, hyperglycemia, and gly- 
cosuria are, of course, often associated in the 
same clinical syndrome. Usually the hyper- 
glycemia and glycosuria either disappear or 
are greatly modified by thyroidectomy. De- 
spite this procedure and parathyroidectomy 
the disturbance in carbohydrate metabolism 
persisted as shown by studies of the dextrose 
tolerance curves after operation. Schnitker 
and associates found no significant changes 
in tolerance for sugar occurring either early or 
later following total thyroidectomy in 12 non- 
diabetic patients. 

Snapper (33), Hunter, Plummer, and others 
have called attention to the entity of goiter 
associated with osteoporosis. In fact, Hunter 
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says this association was known to von Reck- 
linghausen and Askanazy. 

In discussing thyreogenic osteoporosis Snap- 
per says that this bone condition produces 
much generalized pain. This is also true of 
patients in both the osteoporotic and Paget’s 
groups of our series. Thyrogenic osteoporosis 
is easily distinguished, he says, from osteitis 
fibrosa cystica of parathyroid origin. This he 
does as follows: 


Hyperfunction of Hyperfunction 


parathyroids of thyroid 
1. Parathyroid adenoma Goiter 
2, Serum calcium elevated Normal 
3. Blood phosphorus decreased Normal 
4. Calcium output in urine 
increased Increased 


5. Roentgenograms show cysts, 
erosion of cortex 
6. Histology—osteitis fibrosa 


Atrophy of cortex 
Osteoporosis 


Snapper says that thyrogenous osteoporosis 
is definitely benefited by thyroidectomy and 
cites Plummer as making the same observa- 
tion. The excretion of calcium becomes nor- 
mal and the bone pains disappear. 

We have not seen any marked benefits 
either from thyroidectomy or combined thyro- 
parathyroidectomy; in fact the osteoporosis 
increases and the pains are not relieved for any 
length of time after these procedures. The 
same is true of Paget’s patients on whom 
thyroparathyroidectomy has been performed. 
Snapper (34) did not see any benefits from 
parathyroidectomy in Paget’s disease. 

Figure 1 shows an extensive osteoporosis in 
a patient who never menstruated and had a 
thyroid adenoma. Despite thyroparathyroid- 
ectomy the osteoporosis increased, resulting 
in a fracture of the femur which has never 
united. Likewise the arteriosclerosis became 
extensive as shown by the outline of the 
femoral vessels in the roentgenograms. This 
was not present previous to operation. 

Figure 2 shows a patient with osteoporosis 
of the spine and pelvis who, despite a thyroid- 
ectomy for a toxic adenoma 12 years pre- 
viously, developed osteoporosis and had 
calcium deposits in the spleen. 

Unquestionably from the observations of 
Snapper (33), Hunter, Plummer, Kummer, 
Aub and associates, a toxic goiter does in- 
crease the output of calcium and thyroidec- 
tomy reduces it to normal, but from observa- 
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tions made on our cases the bone process and 
pains continue. 

In Hunter’s discussion on calcium and phos- 
phorus metabolism he shows definitely that 
thyroxin and toxic goiter conditions produce 
an increased excretion of calcium. He con- 
cludes from his studies that an increased 
calcium excretion is not necessarily a function 
of a raised metabolic rate alone. Aub, Bauer, 
Heath, and Ropes are to be credited, accord- 
ing to Hunter, for an accurate knowledge of 
the part played by the thyroid in calcium 
metabolism. They showed that “hyperthy- 
roidism is associated with a markedly in- 
creased calcium excretion and that the 
mechanism by which this is brought about 
differs widely from that of the parathyroid.” 
Hypothyroidism has been shown by these 
authors to be associated with a low output of 
calcium (average 40 per cent in 6 cases). 

It is probably true that thyroidectomy for 
toxic goiter slows up the osteoporotic bone 
process and also temporarily relieves the pain, 
but neither is permanent. We would like to 
suggest that the benefits achieved by thyroid- 
ectomy are accomplished by this procedure’s 
effect on carbohydrate metabolism. That is, 
it slows up glycogenesis. Whether this is 
brought about by the thyroid’s effect on the 
pituitary-hypothalamic area is of course not 
definitely known. 

If, as we have assumed, the pituitary is 
the prime factor in the production of Paget’s 
disease and osteoporosis in constitutionally 
predisposed individuals, then thyroidectomy 
or combined thyroparathyroidectomy alone 
would not cure these diseases. Recent work 
has shown that the pituitary influences the 
functions of both the thyroid and parathyroid 
glands. 

A further clue to the problem is furnished 
by the influence of calcium and parathyroid 
extract on blood sugar. Both act like insulin 
in lowering the blood sugar as has been shown 
by Johnson, Ferrannini, Murphy, Reynolds 
and Moehlig (28). 

The linkage between calcium, phosphorus, 
and carbohydrate metabolism seems to us to 
be of greatest importance in understanding 
the changes brought about in certain bone 
diseases by the thyroid, parathyroid, and 
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pituitary glands. This would logically sug- 
gest that any one of these glands would pro- 
duce changes in calcium and phosphorus 
metabolism and concomitant changes in car- 
bohydrate metabolism with subsequent bone 
changes; also that the bone changes are the 
result of pluriglandular functional changes. 

We encountered a very interesting case of 
a young man 27 years of age who had osteitis 
fibrosa cystica and contracted kidneys. At 
autopsy there were found adenomas of the 
thyroid, parathyroid, pituitary, and supra- 
renal cortex. The skull and pelvis were easily 
cut with scissors. 

Dr. Ballin’s operative procedure for para- 
thyroidectomy consisted in the removal of two 
or even three parathyroids, microscopically 
verified (2). Figure 3 shows the osteoporosis 
previous to thyroparathyroidectomy in 1933 
and Figure 4 shows the progression of the 
lesion 3 years after operative removal of two 
parathyroids. 

The parathyroids in both the Paget’s and 
osteoporotic groups did not reveal any strik- 
ing microscopic abnormalities. A few cases in 
the Paget’s group did show hyperplastic 
changes but this was not very marked in any 
case. No adenomas were found. That the 
parathyroids do participate in these two dis- 
eases is very probable. The parathyroids are 
influenced by the pituitary and pancreas. 
Houssay (15) concludes from his studies on 
this subject that the proper functioning of 
both the pituitary and pancreas is necessary 
in order to maintain the integrity of the para- 
thyroids. This is more evidence in favor of 
the view that carbohydrate-phosphorus-cal- 
cium metabolism is the important factor in 
these bone diseases and no doubt other bone 
diseases. It is very apparent, therefore, that 
greater attention must be paid to carbohy- 
drate metabolism in bone diseases. Attention 
has been previously called to the réle of phos- 
phorus in the storage and utilization of gly- 
cogen and deposition of bone. Both calcium 
and phosphorus have been shown, from all the 
available data, to influence carbohydrate me- 
tabolism and thus the linkage to bone diseases 
is very definite. As is well known, children 
require much more carbohydrate during the 
period of osseous development. 
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This field of study will unquestionably fur- 
nish us with some important findings in under- 
standing bone diseases. 

Fibroid of the uterus. In the Paget’s series 
33-3 per cent of the females had fibroids of the 
uterus, 75 per cent of which were calcified. 
Of the osteoporotic female patients 47.6 per 
cent had fibroids, of which 30 per cent were 
calcified (Fig. 5). 

The onset of the symptoms as well as the 
objective signs in the Paget’s group came at 
or near the menopause in 3 of the 12 females, 
whereas 11 of the 21 females in the osteopo- 
rotic group presented signs and symptoms at 
or near the menopause. In this latter group 
3 had hysterectomy combined with bilateral 
oophorectomy for uterine fibroid and ovarian 
cysts; 3 had hysterectomy for fibroids, and 2 
had deep roentgen therapy for fibroids. One 
woman having marked osteoporosis, a frac- 
ture of the femoral neck, and arteriosclerosis 
never menstruated (Fig. 1). She had a com- 
bined thyroparathyroidectomy. That many 
changes occur in the other endocrine glands 
after oophorectomy, particularly the pituitary, 
of course, is well known. 

The association between goiters and fibroids 
has already been pointed out by several (UII- 
mann, Bauer, Ballin and Moehlig, 3). In the 
light of more recent work, it might be argued 
that the thyrotropic hormone of the pituitary 
is responsible for the goiter condition, assum- 
ing that the pituitary is a factor in the two 
diseases under discussion. 

In a comparatively recent series of 299 
women who were operated upon for fibroid 
of the uterus, 35 per cent had goiters and 27 
per cent had gall stones. Furthermore it is of 
interest in line with the previous data that 
one of us (Moehlig) noted that tallness is 
characteristically present in the immediate 
family of the fibroid patients. 

Renal calculi. In the Paget’s group 15.0 
per cent and 15 per cent in the osteoporotic 
group had renal calculi which were demon 
strated by roentgenograms taken because oi 
genito-urinary signs and symptoms. How 
many of the remainder in these groups had 
silent stones is not known since routine ro 
entgenograms of the genito-urinary tract were 
not taken. 
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Fig. 1. Roentgenogram showing marked osteoporosis of 
femur with arteriosclerosis in patient who never menstru 
ated. She had had a thyroparathyroidectomy. 


Recently an editorial in the Journal of 
the American Medical Association (g) called 
attention to the frequent occurrence of renal 
calculi in bone diseases. We believe that there 
is a definite association between disturbance 
in carbohydrate metabolism and the forma- 


tion of renal calculi. Furthermore it is reason- 
able to suppose that phosphorus in its relation 
to carbohydrate and calcium metabolism is an 
important factor in the production of renal 
calculi associated with bone diseases. In con- 
junction with Dr. L. Reynolds we are engaged 
in studying the association of diabetes with 
renal calculi. 

Another clinical finding in both groups is 
arteriosclerosis. With due regard for the age 
level of these patients it is our distinct im- 
pression that generalized arteriosclerosis is 
much higher than usual for this age. This is 
in agreement with the general observation 
that obesity and lessened sugar tolerance is 
frequently associated with arteriosclerosis. 
Several (Cone, Roberts and Cohen, Locke) 
are of the opinion that arteriosclerosis is a 
general accompaniment of Paget’s disease. 


CARBOHYDRATE 


and pelvis with calcium deposits in the spleen. 


METABOLISM DISTURBANCE 


Fig. 2. Roentgenogram showing osteoporosis of spine 
Patient 
had had thyroparathyroidectomy for toxic goiter. 


We can add that this same finding is true of 
osteoporosis. 

The fact, as herein pointed out, that there 
is a high incidence of calcification in the soft 
tissues, such as the thyroid and uterus, shows 
that calcification of soft tissue is very fre- 
quent. This, as well as the frequency of renal 
calculi, would be presumptive evidence that 
the lime salts are removed from the bones and 
deposited in the soft tissues. 

Naturally the question arises as to whether 
the arteries, like the other soft tissues, act as 
a depositary for calcium salts, resulting in 
arteriosclerosis. Or is the arteriosclerosis the 
cause of the bone lesions? The answer cannot, 
of course, be given with any conclusiveness or 
final proof. In our experience the so called 
bone pains, muscular weakness, and headache 
in both groups, are present for many years 
before the osseous lesions are demonstrable 
by roentgenograms. As proof of this, in ex- 
perimental work on dogs, in which anterior 
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Fig. 3. Roentgenogram of skull showing osteoporosis, 
taken in 1933 previous to a thyroparathyroidectomy. 


pituitary and parathyroid extract was used, 
we were able to produce in the bone marrow 
very definite and marked lesions (replacement 
by calcium, Fig. 6) without evident changes 
in the roentgenograms. This would make us 
lean to the opinion that the underlying con- 
stitutional metabolic factors are primarily re- 
sponsible for the arteriosclerosis. At any rate, 
one point seems quite definite and that is we 
are unable to improve the osteoporosis by 
feeding calcium phosphorus compounds or large 
doses of viosterol and vitamin D. To the con- 
trary, we are of the opinion that the giving 
of calcium is distinctly harmful. Certainly no 
clinical or roentgenological improvement was 
noted, and the possibility exists of increasing 
the deposition of calcium salts in the soft 
tissues. Then, too, viosterol might well in- 
crease the arteriosclerosis which fre- 
quently present. 

Gall stones. The incidence of gall stones (11 
per cent and 16 per cent), while not unusually 
high, indicates a concomitant metabolic dis- 
turbance. 


is so 


TREATMENT 


As for treatment, both the Paget’s and os- 
teoporotic groups are improved by the use of 
insulin and a measured diet (carbohydrate, 
175 to 200 grams; protein, 70 grams; fat, 100 


grams). Patients feel stronger and the bone 
pains are relieved by this treatment. The 


AND OBSTETRICS 


Fig. 4. Roentgenogram of patient shown in Figure 3. 


taken in 1936, showing definite advance of process espe 
cially in the frontal and occipital regions. Phosphatase has 
become elevated. The brother and sister of patient have 
Paget’s disease. 


blood phosphatase in the Paget’s group re- 
mains at lower levels than when treatment 
was begun. All patients with Paget’s disease 
had elevated phosphatase with normal blood 
calcium and phosphorus values, whereas all 
osteoporotic patients had normal values for 
all three elements. The muscular weakness is 
also overcome so that they fatigue less easily. 
During the period of 1 year on treatment with 
insulin and a measured diet, 2 cases of Paget’s 
disease have remained stationary as far as the 
roentgen findings are concerned; one has defi- 
nitely progressed. More studies are necessary 
before conclusions are drawn. This therapy 
affords, however, definite symptomatic relief. 

Because of our belief that the pituitary 
gland is the primary factor in producing these 
conditions in constitutionally predisposed in- 
dividuals, checking this gland’s activity by 
theelin was tried but with no success. One 
case received 2000 units of theelin daily for 5 
weeks, with no benefit. 

SUMMARY 

In this study the close association between 
carbohydrate metabolism, phosphorus and 
calcium metabolism, and certain bone dis- 
sases (Paget’s disease and osteoporosis) was 
stressed. One patient, previously reported as 
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ve range 

extrose toler 

ance tests 

amilial tend 
encies 

(a) Diabetes 


(b) Obesity 
c) Tallness 


‘joiter 


Uterine fibroids 


TABLE VII. 


Paget's group 
14 males and 12 females 


34 to 67 years, average 
53-0 years 


18 tests; 10 diabetic type, 
2 normal (88.8°%) 


30 per cent 


83 per cent 
(200 pounds or more) 


78 per cent 
(71 inches or more) 


44 per cent adenomatous 
goiters. 15.5 per cent of 
these were calcified, 23 
per cent had thyropara 
thyroidectomy 


33.3 per cent of females 


CARBOHYDRATE 


SUMMARY 


Osteoporotic group 
5 males and 21 females 


4O to 70 years, average 
54.2 years 


20 tests; 18 diabetic type, 
2 normal (90.0% ) 


34 per cent 


7° per cent 


S4 per ceat 


65 per cent. 24 per ceat 
were calcified, 38 per 
cent had thyroidectomy 
27 per ceat had thyro 
parathyroidectomy 


17.0 per cent of females 


75 per cent of these were 30 per cent were calci 
calcified fec 


Renal calculi 15.6 per cent 15 per cent 


Gall stones IL per cent 16 per cent 





suffering from osteoporosis, has proceeded on 
to Paget’s disease with a calcified fibroid. 
This condition developed despite thyropara- 
thyroidectomy. In this family 3 now have 
Paget’s disease. 

The present report concerns 26 patients in 


each group of Paget’s disease and osteoporo- 
sis. 

A preliminary report of experimental work 
on dogs receiving pituitary growth hormone 


and parathyroid extract is given. Dogs re- 
ceiving anterior pituitary extract show a dia- 
betic type of curve associated with glycosuria. 
They also showed increased resistance to 
insulin. 

Thyroparathyroidectomy or thyroidectomy 
had no permanent influence on the bone le- 
sions or the bone pains of Paget’s disease or 
osteoporosis; nor did these procedures elimi- 
nate the diabetic type of curve present in both 
groups of patients. It has been shown by 
several workers that a toxic goiter is often 
associated with osteoporosis. In this condi- 
tion there is an increased output of calcium 
which is corrected by thyroidectomy. Like- 
wise the pains accompanying this condition 
disappear following thyroidectomy. As pre- 
viously stated we found these results were but 
temporary in our patients. This holds good 
lor both the Paget’s and osteoporotic groups. 


METABOLISM DISTURBANCE 


Fig. 5. Roentgenogram showing osteoporosis associated 
with calcified fibroid. The fibroid and a calcified goiter 
were removed at operation, 


We suggested that what benetits were achiev- 
ed by operation could be understood by a 
slowing effect on carbohydrate metabolism 
and also a decrease in calcium phosphorus 
metabolism. 

Calcium and phosphorus are concerned with 
carbohydrate metabolism; all 3 are of greatest 
importance in the bone diseases under dis- 
cussion. 

Because of the data submitted, as well as 
the osteoporosis accompanying hyperpituitary 
conditions, such as acromegaly and pituitary 
basophilia, it was suggested that the pitui- 
tary gland is a primary factor in the produc- 
tion of these diseases. The parathyroids are 
probably secondarily involved. 

The part played by phosphorus in carbo- 
hydrate and bone metabolism was mentioned 
as well as its linkage with pituitary function. 

No case of tetany developed after parathy- 
roidectomy even after removal of two and 
even three parathyroids. No striking patho 
















































































Fig. 6. Photomicrograph showing replacement of bone 
marrow by calcium in a dog which had received pituitary 


growth hormone and parathyroid extract. 
roentgenograms.) 


(Not seen in 


logical lesions of the parathyroids were found 
in either group. 

In the osteoporotic group the onset of symp- 
toms frequently set in at or near the meno- 
pause (11 of 21 patients). One case of severe 
osteoporosis with fracture of the femur never 
menstruated. Three of the 12 female patients 
with Paget’s disease dated the onset of their 
trouble at or near the menopause. 

A high incidence of goiter, uterine fibroid, 
renal calculi and gall stones is present in both 
diseases. Supplementing a previous report, 
the present study bears out the high incidence 
of the familial tendencies, diabetes, obesity, 
and tallness in the immediate families. 

The calcification of goiters and fibroids as 
well as renal calculi associated with frequent 
arteriosclerosis in both groups would indicate 
that the bone lesions surrender calcium to the 
soft tissues. It is still an open question, how- 
ever, whether the arteriosclerosis is a mani- 
festation of calcium deposit in the soft tissue 
(arteries) as a result of the metabolic dis- 
turbance inducing the bone condition or 
whether the vascular disease is a nutritional 
factor in the production of the bone changes. 
From our data we favor the view that the 
underlying constitutional metabolic processes 
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are responsible for the arteriosclerosis. Symp 
toms are present years before the roentgeno 
grams demonstrate bone changes. 

The feeding of calcium, viosterol, and vita 
min D in these diseases would seem to b 
contra-indicated as this has a tendency to in 
crease deposition of calcium in the soft tissues 
We have not been able to improve the bon 
condition or arrest its progress by these prod 
ucts. So far the use of insulin and a measure<| 
diet has given symptomatic relief of pains. 
weakness, and fatigue. Three patients with 
Paget’s disease over a period of a year using 
insulin and a measured diet show that the 
bone lesions are stationary in two and pro 
gressive in one. More studies are necessary to 
determine the influence of this therapy. 

Attention should be paid to the part played 
by carbohydrate metabolism in bone diseases. 
Dextrose tolerance and phosphatase studies 
should be performed routinely in bone dis- 
eases. 

A great future awaits the study of carbo- 
hydrate, phosphorus and calcium metabolism 
in bone diseases. At the same time the part 
played by the various endocrine glands will 
be better understood. 
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HE human cervical mucosa is usually 

regarded as an unchangeable histo- 

logical structure in the female genital 

tract. Cyclic changes, dependent chief- 
ly on ovarian activity, have been clearly dem- 
onstrated in the fallopian tubes, in the endo- 
metrium, and in the vagina, but it isthe general 
belief that the cervical mucosa does not partic- 
ipate in the different phases of the menstrual 
cycle. Schroeder and Nuernberger studied the 
isthmus of the uterus and reached the con- 
clusion that there is not any demonstrable 
involvement of the uterine cervix in the cycle. 
This negative result was so universally ac- 
cepted that other investigators lost interest 
in further studies of the cervical mucosa. 


No other comprehensive study of the physio- 
logical activity of this particular structure 
has been undertaken up to date. It became 
my purpose, therefore, to determine by sys- 
tematic investigation the rdle of the cervical 
mucosa in the intermenstrual period. 
Undoubtedly the difficulty in securing spec- 


imens of normal cervical tissue contributed 
to the lack of investigations. The best instru- 
ment for obtaining endometrial tissue, the 
curette, can not be efficiently used in the 
cervical canal. The cervical mucosa differs 
from the endometrium in its firmer consistency 
and in its more intimate attachment to the 
underlying structures. With a curette it is 
possible to remove only the surface epithe- 
lium, the study of which cannot furnish con- 
clusive data. Specimens taken at operation 
or at autopsy are not suitable for the deter- 
mination of a biological function, and it was 
essential, therefore, to devise a method which 
would permit periodic tissue examinations 
from the living patient without causing undue 
discomfort or after-effects. 

In a previous publication (7), I described a 
method which is a simple office procedure and 
enables the operator to take several cervical 
biopsies from the same patient during one 
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intermenstrual period. A comparative stud) 
of such histological specimens furnishes re 
liable information regarding the cyclic change: 
in an individual case. 

In the present investigation I utilized thi 
same method I described previously, with onc 
modification. Whereas in my preliminary stud 
ies two specimens were removed from each 
patient at 2 week intervals, in this series o/ 
cases four specimens were obtained during 
one intermenstrual period, the procedure being 
repeated at intervals of 1 week. The histo- 
logical study of the slides proved that this 
can be done without incurring the danger of 
possible misinterpretations because of local 
reactions following a previous excision. It is 
essential, however, that the site for the con- 
secutive biopsies should be carefully selected, 
always taking areas which are remote from the 
previously cut surface. 

Twenty women were included in this series, 
and all of them were free from gross pathology 
of the genital organs. Their ages varied be- 
tween 26 and 39 years. They all had normal 
menstrual histories and were subjected to a 
thorough gynecological examination. Fifty- 
four specimens were obtained from these 20 
patients. Although anesthesia was not used, 
the majority of women did not experience any 
pain during the excision of tissue. Those who 
did complained only of slight burning, which 
promptly disappeared after the biopsy was 
completed. 

The following observations are based on a 
painstaking study which has been made of the 
54 specimens. 

The surface of the cervical mucosa is cov- 
ered with columnar epithelium. In the post 
menstrual phase this epithelium forms a con 
tinuous layer of low columnar cells with deeply 
stained, small, oval shaped nuclei close to the 
basal membrane. There is little cytoplasm, 
and the cell contours are sharply outlined. By 
the sixth day after the beginning of the men 
strual flow, the surface is completely covered 
with such epithelial cells. 
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During the interval period the surface epi- 
thelial cells become gradually higher and 
»roader, the cytoplasm increases, and the 
iuclei are larger and elongated, some of them 
showing a spindle shape. The nuclei are 
leeply stained and are not as close to the 
basal membrane as they are found in the post- 
menstrual phase, some of them being situated 
now in the center of the cell. Toward the end 
of the interval period, signs of accumulating 
secretion are present. 

The surface epithelium reaches the height 
of its development just before menstruation. 
lhe cells are still higher, their outline becomes 
irregular, some are bulging on the surface, 
and others are seen discharging their secre- 
tion. The nuclei are spindle shaped and dense- 
ly crowded. 

During menstruation a complete denuda- 
tion of the surface takes place, which is 
rapidly followed by regeneration. In none of 
eight specimens taken during menstrual bleed- 
ing could I find the surface covered with in- 
tact epithelium. The desquamation is usually 
confined to the epithelial layer, although in 
two specimens I discovered that the superficial 
layer of the stroma was being separated with 
the epithelium in the process of exfoliation. 
The re-epithelization of the denuded surface 
starts at the broken ends of the remaining 
glands, which open on the surface, and the epi- 
thelial lining of which grows over the denuded 
surface. In one specimen taken 36 hours after 
the onset of menstruation, I found the surface 
mostly denuded, although epithelium of the 
premenstrual type in the process of exfolia- 
tion, but still clinging to the surface, could be 
seen on one small area; in another area a 
superficial gland opened on the surface, with 
its epithelium growing over the denuded 
portion. 

This observation seems to indicate that re- 
generation may begin before the exfoliation 
of the surface epithelium is completed. The 
histological cycle, therefore, is not to be con- 
sidered as a simultaneous process in all of the 
mucous membranes, involving their tissue ele- 
ments uniformally. A constant activity is 
present, the histological effects of which are 
not confined within definite time limits. Over- 
lapping histological pictures in different por- 
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tions of the same specimen may be physio- 
logical. 

The siroma of the cervical mucosa is a dense, 
fibrous tissue in the postmenstrual period. 
The cells are widely spaced, the nuclei are 
small, there is very little cytoplasm, and the 
nuclei almost fill the cells. The blood vessels 
are collapsed. The texture of the stroma under- 
goes changes in the late interval period, reach- 
ing its climax in the premenstrual phase. Here 
there is increased cellularity, the stroma be- 
coming edematous and loose, and engorged 
blood vessels can be seen. The cells change 
their forms and become larger with more 
cytoplasm. 

At the beginning of menstruation, many 
enormously dilated vessels with signs of stasis 
and occasional hemorrhages are seen in the 
stroma. 

The glands are the conspicuous and char- 
acteristic elements in the cervical mucosa. 
Their form depends on the angle of section. 
On cross section they are round or oval in 
shape, whereas on longitudinal section they 
are tubular in outline. They are more numer- 
ous near the internal os. 

In the postmenstrual period the glands are 
scanty, widely scattered, and separated by 
dense, fibrous stroma. They have a regular 
outline and the lining epithelium is much the 
same as that found on the surface. It consists 
of moderately high columnar cells; the nuclei 
are deeply stained, oval in shape, and situ- 
ated close to the basal membrane, where they 
form a regular line. The lumen of the glands 
is narrow, and there is no evidence of mucus 
production. 

In the interval and premenstrual period 
the number, size, and shape of the glands are 
changing. This alteration is continuous until 
the time of the menstrual flow. The inter- 
glandular stroma becomes less and less. In 
the premenstrual phase the glands are densely 
crowded, assume an irregular shape, and re- 
veal profuse branching with projections into 
the surrounding tissue. A marked prolifera- 
tion of the epithelial lining takes place. A 
great variety of shape can be noted in a 
specimen taken shortly before menstruation, 
not every gland taking an equal part in the 
proliferation. The glands become much wider, 
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Fig. 1. High power photomicrograph of a specimen ob- 
tained 7 days after the onset of menstruation. The surface 
epithelium forms a regular line of moderately high columnar 
cells with oval-shaped nuclei near the basal membrane. 
The cells have a sharp outline. The stroma is dense, the 
cells are widely scattered, and reveal little cytoplasm. 


reveal gaping lumina at the end of the pre- 
menstrual phase. At this time the high col- 
umnar epithelial cells are seen bulging into 
the lumen and signs of secretion are present. 

At the onset of menstruation an extensive 
destruction and exfoliation of the epithelial 
elements occurs within the glands. Some 
glands become completely denuded of their 


Fig. 3. High power photomicrograph of a specimen, which 
was taken on the second day of menstruation from the 
same patient from whom the first two specimens were ob- 
tained. It shows the epithelium of the premenstrual type 
in the process of exfoliation. Hyperchromatic nuclei and 
lost contours of the epithelial cells are the characteristic 
features of desquamating cells. Another area of the sur- 
face in the same specimen is shown in Figure 4. 
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Fig. 2. High power photomicrograph of a specimen taken 
from the same patient!23 days after the beginning of her last 
menstruation. The regularity of the arrangement, size, and 
shape of the epithelial cells is lost. The cells are higher 
and broader than in the previous specimen and they have 
now an irregular outline. Some of them reveal the dis- 
charge of their secretion. The nuclei are larger, spindle 
shaped and situated near the center of the cell. The stroma 
is markedly cellular and the cells have more cytoplasm. 


epithelial lining, and closely resemble cysts. 
After the exfoliation is completed the glands 
collapse and re-assume their regular outline 
with narrow lumina. A rapid regeneration of 
the epithelial cells follows and, even before 
the menstrual bleeding ends, some glands 
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Fig. 4. Photomicrograph of an open gland on the sur- 
face, the epithelium of which is growing over the denuded 
area. 

Figures 1, 2, 3, and 4 as well as Figures 5, 6, and 7 are 
photomicrographs of specimens taken from single patients. 
Their comparison therefore affords conclusive evidence 
of the histological cycle which takes place in the cervical 
mucosa. 
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Fig. 5. Low power photomicrograph of aspecimen obtained 
9 days after menstruation which shows a typical postmen- 
strual gland. It has a regular outline, its epithelium forms 
an even line with small nuclei near the basal membrane. 
The lumen is narrow. 


of the postmenstrual type can be visualized 
in the mucosa. 

A study of the secretory phase in the mu- 
cous membrane would not be complete with- 
out an investigation of its glycogen content. 
Driessen called attention to glycogen de- 
posits in the epithelial cells of the endome- 
trium as a manifestation of secretory activity. 
He found that the cyclic changes of the epi- 
thelial cells are expressed by a periodic in- 
trinsic glycogen production. No glycogen was 


fast 


Fig. 7. Photomicrograph of a gland during menstrual flow, 
showing process of exfoliation. Parts of the gland are 
completely denuded and surrounded by marked round 
cellinfiltration. Lumen filled with exfoliated epithelial cells. 
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Fig. 6. Photomicrograph of a specimen obtained 25 
days after menstruation from same case as in Figure 5. The 
glands, increased in number, are irregular in outline with 
projections into the lumen. Secreting cells with large, elon- 
gated nuclei are shown. The gland lumina are much wider. 
Not all glands in this specimen take an equal part in the 
cyclic changes. 
found in the postmenstrual endometrium, but 
rich deposits were present in the epithelial 
cells in the premenstrual phase. At the end 
of the premenstruum, a large amount of 
glycogen was found not only in the cytoplasm 
of the cells but also in the lumina of the 
endometrial glands. The conclusion was 
reached that glycogen and mucus production 
are simultaneous activities of the premenstrual 
epithelium. These observations were subse- 
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Fig. 8. High power photomicrograph made from a pre- 
menstrual specimen. This section shows the glycogen con- 
tent of the gland as well as the epithelium, and exuded 
mucus. 
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quently confirmed by other investigators 
(Aschheim, Wegelin). It is the consensus of all 
investigators that glycogen cannot be found 
in the cervical mucosa at any phase of the 
menstrual cycle. 

Fourteen specimens from 5 of my own pa- 
tients were studied for glycogen and it was 
found to be present in all of them. Apparently 
it is constantly present in the deep stroma of 
the cervical mucosa. It remains there in the 
postmenstrual and early interval period, but 
at the end of the interval and in the pre- 
menstrual phase fine glycogen granules are 
scattered in the exuded mucus as well as in 
the cytoplasm of the epithelium. In speci- 
mens taken during the menstrual flow, gly- 
cogen could still be visualized in the glands and 
in the interglandular stroma, although in re- 
duced amount. 

In only 1 of the 5 patients whom I studied 
for the presence of glycogen did I find an 
atypical course. 


This was a 36 year old woman, who had been 
married for 16 years without becoming pregnant, 
although anxious to have a child. Her menstrual 
history was normal. Repeated examinations of her 
husband and the patient failed to disclose the cause 
of the sterility. The uterus was normal and freely 
movable, and the adnexa were normal. A Rubin 
test and salpingography revealed open tubes. The 
cervix was of normal appearance with moderate dis- 
charge. Specimens of the cervical mucosa were 
obtained: (1) 5 days before menstruation, (2) on the 
second day of menstruation, and (3) 9 days after 
menstruation. In the premenstrual specimen the 
glandular tissue was extremely scarce. Only four 
glands near the internal os showing secreting epi- 
thelial cells could be counted. The stroma gave the 
picture of typical premenstrual changes. In the 
specimen taken during the menstrual flow, extensive 
exfoliation of the epithelial cells was evident. In 
the postmenstrual specimen, however, while the 
stroma revealed a typical postmenstrual change, 
the glands presented a confused picture. They were 
more numerous than in the premenstrual period, 
and side by side with regenerating epithelial ele- 
ments, some glands with exfoliations and others of 
the premenstrual type were found. Glycogen was 
detected in all the specimens and was quite profuse 
in the deep stroma. In the premenstrual specimen 
the interglandular stroma and gland epithelium was 
completely free of glycogen. In the postmenstrual 
specimen, however, while the glycogen was most 
abundant in the deep stroma, traces of it could be 
seen in the interglandular tissue and in the gland 
epithelium. 
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This case presented a reversed activity of 
the mucous membrane in the intermenstrual 
period. The tentative diagnosis of sterility 
due to ovarian dysfunction seemed to be sup- 
ported by the periodic histological study of the 
cervical mucosa. 

A similar observation in another patient 
was reported in my previous publication. 


That was in the case of a 31 year old woman, who 
had been married for 13 years, but had never be- 
come pregnant. She had normally recurring men- 
strual flows of normal duration, and the gynecolog- 
ical examination revealed a moderately enlarged 
uterus with no gross pathology in the genitals. A 
periodic histological study of the cervical mucosa 
revealed an atypical intermenstrual course. This 
woman subsequently was subjected to removal of 
the adnexa. The microscopic study of the removed 
ovaries revealed numerous unruptured, active graaf- 
ian follicles embedded in the cortex; furthermore, 
several small corpus luteum cysts, lined by many 
layers of lutein cells, were found. 


Undoubtedly a persistent hormonal action 
may be present in the ovaries without mani- 
festing itself in irregular menstrual bleeding, 
and the lack of clinical symptoms is not an 
assurance of an undisturbed ovarian function. 
The results of my investigations suggest that 
a careful study of the histological cycle may 
reveal disturbances in the ovarian mechanism, 
which otherwise could not be detected. 

The normal menstrual cycle of the cervical 
mucosa is demonstrated in the accompanying 
photomicrographs. 


LITERATURE AND SUMMARY 


The belief that the human cervical mucosa 
does not participate in the menstrual cycle is 
erroneous. Distinct cyclic changes which are 
very similar to those found in the endome- 
trium can be demonstrated in this structure. 
The most characteristic changes occur in the 
epithelial cell elements. Their destruction at 
the onset of menstruation, followed by rapid 
regeneration, and their proliferation and secre- 
tory activity after the interval period, are 
the essential features of their normal cycle. 
This normal course of the histological cycle 
in the cervical mucosa could not be ascertained 
in all of my cases. As a matter of fact, a clean 
cut cycle, involving uniformly all the tissue 
elements, was rarely found. Of 20 women 
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examined I found only 8 in whom a typical 
cycle of the entire specimen could be estab- 
lished by periodic tissue examinations. This 
low percentage of a typical histological cycle 
is the more remarkable, since every effort was 
made to include in this series only normally 
menstruating women with apparently normal 
genitals. 

The opinion that the histological cycle, as 
first described by Hitschman and Adler, can- 
not be considered as a standard occurrence in 
all normal women, has been repeatedly ex- 
pressed by several investigators. Robert 
Schroeder, who probably made the most ex- 
haustive study of the endometrial cycle, clas- 
sifies the normal endometria into the following 
groups: (1) Those showing a typical cyclic 
phase, which corresponds with the known 
menstrual dates. (2) Those which have a cer- 
tain cyclic phase which, however, does not 
correspond with the known menstrual date. 
In these cases he found premenstrual changes 
in the postmenstrual period. (3) Endometria 
which do not present a uniform histological 
picture, but in which different phases of the 
menstrual cycle can be seen side by side. In 
these cases he found it difficult to determine 


the actual menstrual phase on the basis of the 


histological findings. (4) Endometria which 
demonstrate a certain cyclic phase, irrespec- 
tive of menstrual dates. These are cases in 
which no cyclic change occurs and in which 
the histological picture remains stationary 
throughout the intermenstruum. Schroeder 
found a typical histological cycle in 60 per 
cent of his material. Keller and Schickele 
reported that only 30 per cent of the cases 
reveal a clean cut histological cycle. Robert 
Meyer described observations which indicate 
the absence of exfoliation in the endometrium 
during menstrual bleeding in certain cases. 
Hartje found histological pictures pertaining 
to different cyclic phases in the same specimen 
of endometrium. Schroeder, summarizing 
his and several other investigators’ findings, 
states that he believes that a typical histo- 
logical cycle in the endometrium is rather the 
exception than the rule. Contradictory obser- 
vations on the endometrial cycle were reported 
by several authors after Schroeder’s work was 
published. 
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It is evident that in the study of the his- 
tological cycle of the endometrium and also 
that of the cervical mucosa there are com- 
plicating factors which have not yet been 
satisfactorily explained. 

In my investigation of the cervical mucosa 
some observations were made which merit 
further consideration and study. It seems 
that the histological effects of the ovarian hor- 
mone action on the mucous membranes do not 
result in a uniform and simultaneous change. 
A certain overlapping of different histological 
phases in the same specimen may be consid- 
ered physiological. Furthermore, it was found 
that some women with normal menstruation 
and apparently normal genitals have a re- 
versed histological cycle; that is, premenstrual 
changes are found in the postmenstrual pe- 
riod. Two such cases were discovered in my 
patients, and while it is realized that such 
limited observations do not justify final con- 
clusions, still the similarity of certain fea- 
tures in both cases may permit an assumption, 
the correctness of which may be established 
by further study of the problem. I believe 
that it is fair to assume that an atypical 
histological cycle is the manifestation of an 
imbalanced ovarian hormonal status. We 
know that menstruation does occur without 
ovulation. Women with non-ovulating ovaries 
may have regular menstrual periods, no clin- 
ical symptoms of the true condition being 
present, except the persistence of sterility. 
In these cases the lack of ovulation and con- 
sequent corpus luteum formation can be as- 
certained by the absence of the secretory phase 
in the mucous membranes in the premenstrual 
period. Evidently the study of the histological 
cycle enables us to diagnose a faulty mecha- 
nism of the ovarian cycle. There is a strong in- 
dication that the histological changes in the 
mucous membranes reflect a true picture of 
the hormone actions of the ovaries. 

Two years ago I began a macroscopic in- 
vestigation of ovaries in women, who under- 
went laparotomies for indications other than 
uterine or ovarian pathology. Due to the 
scarcity of such material this investigation is 
still in process and a final report will be made 
later. The interesting fact seems to be estab- 
lished that in so called normal women a great 
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variety of ovarian pathological conditions are 
present, which are easily discernible even on 
macroscopic inspection. Lack of corpus lu- 
teum formation and persistent graafian fol- 
licles are the most commonly found conditions 
in such cases. The low incidence of normal 
ovaries and the low percentage of typical 
histological cycles in apparently normal wom- 
en is a coincidence which deserves attention 
and further study. 

Our present knowledge of the histological 
effects of the ovarian hormones is far from 
being complete. More exacting cellular stud- 
ies of the mucous membranes in the inter- 
menstrual period are required to establish a 
proper conception of the intricate mechanism 
of the ovarian cycle. The study of a single 
specimen, taken at any one phase of the men- 
strual cycle, is not sufficient for the recon- 
struction of the complete ovarian cycle in 
that individual. Due to the highly individual 
character of the histological cycle, the com- 
parison of specimens obtained from different 
women does not furnish conclusive data. In 
my material the specimens obtained at ex- 
actly the same date of the intermenstrual 
date period from different women never gave 
identical histological findings. This observa- 
tion seems to prove that each woman presents 
a peculiar endocrine entity, which has to be 
studied individually. 

The usual methods of taking endometrial 
biopsies make a periodic histological study 
during one intermenstrual period imprac- 
ticable. Notwithstanding the difficulties and 
possible untoward effects of weekly endo- 
metrial biopsies, the chief disadvantage of this 
procedure lies in the fact that it has been im- 
possible to select the proper areas for the 
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sequential excisions. The cervical biopsy meth- 
od I have previously described overcomes 
these difficulties. The cervix is easily ac- 
cessible, the site of the previous excision can 
be readily seen, and the portion to be removed 
can be accordingly selected. Furthermore, 
this procedure is harmless and does not cause 
discomfort to the patient. It is logical to ex- 
pect that the periodic histological investiga- 
tion of the cervical mucosa, if carried out in a 
large number of women, may eventually fur- 
nish more accurate information regarding the 
mechanism of the ovarian cycle. 
CONCLUSION 

The present study permits one definite con- 
clusion, and this is that there is a distinct 
menstrual cycle in the cervical mucosa. This 
structure being under hormonal influence like 
the endometrium, the intermenstrual phases 
must be taken into consideration when the 
histological findings in the cervix are inter- 
preted. In the premenstrual phase the histo- 
logical picture may simulate an inflammatory 
reaction, and cyst formations may result from 
hormone action by producing exfoliation of 
the epithelial lining. 

An investigation of the diagnostic possibili- 
ties, suggested by the data I have presented, 
is now in progress. 
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POSTOPERATIVE 


WOUND COMPLICATIONS 


A Clinical Study with Special Reterence to the Use of Silk 


PHILIP SHAMBAUGH, M.D., Chicago, Illinois 


URING the past 10 years a good 
deal has been written on the sub- 
ject of the relationship of suture 
material to the healing of surgical 

incisions. An examination of these contribu- 
tions reveals the interesting fact that both 
clinical and experimental studies have dem- 
onstrated the superiority of silk over catgut. 
In addition to the obvious advantages of low 
cost and ease of sterilization, silk has been 
found superior to catgut as regards the tensile 
strength of the healing wound (6) and the in- 
cidence of postoperative wound complications 
(4, 7, 10). In view of this evidence it seems 
rather surprising that silk is not more gen- 
erally used as a suture material. Halsted was 
the first in this country to advocate silk and 
it is largely through his students that it has 
remained in use among a relatively small 
group of surgeons. 

Why have surgeons been reluctant to adopt 
silk? It is true that a somewhat more pains- 
taking technique is required, but this con- 
sideration alone would not deter the careful 
surgeon, especially where the element of 
speed is of secondary importance. The ex- 
planation probably lies in the fear of post- 
operative wound infection. It has been gen- 
erally held that nonabsorbable suture mate- 
rial in an infected wound will greatly prolong 
healing. Thus, in spite of the clinical demon- 
stration that a wound sutured with silk is less 
likely to suppurate than the same wound 
sutured with catgut, many surgeons have felt 
that the greatly delayed healing in the ex- 
ceptional case which does suppurate makes 
the use of silk in any wound unjustifiable. 
This conservative attitude has indeed been 
encouraged by the very authors who have 
advocated the use of silk, for they almost 
without exception have laid emphasis upon 


From the Surgical Service of the Peter Bent Brigham Hospital, 
Boston, Massachusetts. 


the difficulties which follow suppuration in a 
silk wound. Howes, for example, warns that: 


If the wound sutured with silk becomes infected, 
the presence of the silk excessively prolongs healing. 
A draining sinus develops—a sinus which does not 
close until the silk suture acting as the nidus of the 
infection sloughs out or is mechanically removed. 
The use of silk in operative wounds made to drain 
infected areas is absolutely contra-indicated. 


Other writers have similarly cautioned against 
the use of silk in any wound where the asepsis 
is not perfect. Careful bacteriological studies, 
however, have shown that even under favor- 
able conditions a large percentage of “clean 
wounds” are contaminated by organisms 
from the air or from the deeper layers of the 
skin (9g). Therefore, it is not surprising that 
the fear of infection should have deterred 
many from adopting the silk technique. 

In contrast to this view, however, we find 
that Halsted was little concerned by the pos- 
sibility of infection in silk wounds, for he 
remarked that: 


If fine silk were used and the infection slight, prob- 
ably none of the buried threads would be extruded 
nor would healing be delayed demonstrably on ac- 
count of their presence. When heavy silk has been 
used for any of the sutures and the suppuration is 
considerable, one or more, perhaps all of the threads 
would have to be removed. Even in such a case it 
is very unlikely that the ligatures and fine sutures 
would give trouble. 


Of the recent writers, Thompson alone agrees 
with Halsted that the presence of fine silk in 
suppurating wounds does not seriously im- 
pede healing. He states his view as follows: 


Should infection ensue or should there be a serous 
discharge from the wound, do not be alarmed con- 
cerning the fate of the silk. If fine strands have been 
used they may or may not be extruded from the 
wound. Most frequently they will not be extruded 
but will become encapsulated and will not delay 
union. Many times fine silk has been purposely 
used in infected wounds (appendiceal abscesses, 
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FABLE —. LITERATURE ON THE INCIDENCE OF 
FAULTY WOUND HEALING IN) CLEAN’ IN 
GUINAL HERNIORRHAPHIES 


Wound Total wound 
Number of infections complications SNiitiad ick skin 
Author een 
cases preparation 
No. Per cent) No. Per cent 
Coley 500 64 12.8 lodine 
Beckman 308 17 Not stated 
Meleney 502 21 $1 50 9.9 Ether, soap, 
iodine 
Morian 1407 Te) 2.8 73 Not stated 
Eliason 749 13 8.7 78 10.4 Soap and mer 
curochrome 
P.B.B.H 2360 47 1.9 100 4.5 Alcohol and 
series bichloride 


etc.) in which drainage tubes were used and the 
wounds have healed nicely around the tubes. 

Thus there is a difference of opinion regard- 
ing this important point upon which depends 
a more general adoption of the silk technique. 
To settle this difference of opinion it is desir- 
able that careful clinical studies should be 
made comparing the convalescence and even- 
tual healing of infected silk wounds to in- 
fected catgut wounds. So far as we are aware 
no such studies have been published. 

During the past 15 years fine silk has been 
extensively used in the Peter Bent Brigham 
Hospital as ligature and suture material in 
clean wounds. Wound complications have 
been rare and the occasional occurrence of 
suppuration has not been followed by exces- 
sively delayed healing such as to discourage 
the use of silk. Clinical impressions, how- 
ever, are notably unreliable, so the following 
study was undertaken to determine the com- 
parative incidence of complications in silk 
and catgut wounds and more especially to 
determine the effect of the presence of silk 
sutures and ligatures upon the healing of sup- 
purating wounds. 


TABLE II.—-EFFECT OF AGE UPON THE 
INCIDENCE OF WOUND INFECTIONS 


Suppurative infections 


Age group Number of operations 
No Per cent 
Under 50 years 1730 31 1.70 
50 years and over 630 15 2.38 


TABLE TL. EFFECT OF LOCAL ANESTHESIA 
'TPON THE INCIDENCE OF WOUND INFECTIONS 


Number of cases 


Suppurative 
aged 50 or over 


. P infection 
Number of ctions 


Anesthesia A 
operations 


No Per cent No. Per cent 
Local 646 10 1.54 238 30.8 
General and 1714 35 2.21 380 22.6 


spinal 


To provide a controlled series, the investi- 
gation was limited to a single operative pro- 
cedure. The operation of inguinal hernior- 
rhaphy was selected as being the most appro- 
priate for this study because a relatively large 
amount of suture material is employed, the 
aseptic conditions are fairly constant, and 
because other investigators have found that 
of all the “clean operations” inguinal hernior- 
rhaphy is one of the most likely to show post- 
operative wound complications. To simplify 
the study, femoral hernias were excluded as 
well as all strangulated inguinal hernias, for 
here the factor of contamination is variable 
and likely to influence the surgeon in his 
choice of suture material. In making this 
study each operation was treated as a sepa- 
rate clinical experiment. Thus, a bilateral 
one stage repair has been considered as a sin- 
gle operation. In the very occasional instance, 
however, where a different suture material 
was employed on the second side or where the 
method of anesthesia was changed, (i.e., from 
spinal to local or from local to general), each 
repair was considered as a separate operation. 
Two stage bilateral repairs were, of course, 
considered as 2 cases. 

It was possible to study the cases in detail 
from the hospital records. Each history in- 
cluded a complete surgeon’s note describing 
the mode of anesthesia, the method of skin 
preparation, the technique of repair, and the 
exact suture materials employed. There were 
detailed postoperative notes describing the 
progress of wound healing and recording the 
condition of the wound at the time of dis- 
charge from the hospital. In cases in which 
wound infection occurred and healing was 
not complete at the time of discharge, it was 
possible to follow the course of healing 
through the records in the ambulatory clinic. 
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fABLE IV. -EFFECT OF LOCAL ANESTHESIA 
UPON THE INCIDENCE OF WOUND INFECTIONS 


Silk Catgut 


| 
Suppurative | 


) Suppurative 
infections 


Anesthesia | 
| infections 


| Total | Total 
cases cases 
Pei : 
No.| Percent | No. Per cent 
Local 557 8 1.43 85 2 2.35 


General and | 727 10 1.37 878 25 2.84 
spinal | 


A total of 2,360 inguinal herniorrhaphics 
during the 21 year period from 1914 to 1934 
were analyzed in this study.’ During this 
period the method of skin preparation and 
the technique of the operation have remained 
approximately unchanged. The skin was 
shaved and washed with soap and water the 
night before operation and there was no 
further preparation until immediately before 
the operation when the skin was scrubbed 
briskly with gauze sponges soaked in 70 per 
cent alcohol followed by similar sponges 
soaked in bichloride of mercury 1:1000 (more 
recently changed to oxycyanide of mercury 
1:2000). The repair generally followed more 
or less closely the methods of Bassini and 
Halsted with at least two and sometimes three 
rows of interrupted sutures in the fascial struc- 
tures. When catgut was employed the chromi- 
cized No. 1 or No. 2 was used for the fascia and 
No. oo, usually plain, for the hemostatic ties 
and for the superficial layers. When silk was 
employed the stitches were as a rule placed 
closer together and a greater number inserted. 
Fine black twisted silk was always used, 
usually ‘**A”’ silk (No. 4) being used through- 
out, though occasionally “C”’ silk (No. 9) 
was used for the fascial layers. The bulk of 
the operations were performed by members 
of the resident hospital staff, changing from 
year to year, so the personal element, as far 
as it might affect this comparative study, was 
of little importance. 

The material obtained from this study has 
been analyzed from several points of view 
and will be dealt with under separate headings. 


' The cases for 1913, the first year peter go eg of the hospital, 
were not included because the iodine method of skin preparation was 


then in use. Thereafter the alcohol and bichloride scrub has been 
employed without exception, except for the substitution of oxycyanide 
f mercury for the bichloride, during the last 2 years of the series 
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TABLE V. EFFECT OF SUTURE MATERIAL UPON 
THE INCIDENCE OF WOUND COMPLICATIONS 


Suppurative | Minor wound Total wound 
; 1 af infections | complications! complications 
Sune Number of 
operations 
No. Per cent No. Per cent) No. | Per cent 
Silk 1284 18 1.4 8 0.62 20 2.0 
Catgut 963 27 2.8 531 5.20 78 Sut 
Silk and 113 1.77 27 \ 3 
catgut 
Totals 2360 17 1.9090 61 2.50 108 1.57 


The incidence of wound complications in 
clean incisions. Every case in which healing 
failed to proceed uneventfully and perfectly 
was considered as presenting a wound com- 
plication. These were divided into two groups: 
the suppurative infections and the minor 
wound complications comprised of hematomas 
and accumulations of serum. In this series 
of 2,360 cases there were a total of 108, or 
4.57 per cent, which failed to show perfect 
healing. These were comprised of 61 minor 
wound complications (2.59 per cent) and 47 
suppurative infections (1.99 per cent). Dur- 
ing the last 14 years of this series there was 
an almost continuous improvement so that 
of a total of 511 operations during the last 5 
years there were but 5 suppurative infections 
(0.97 per cent) and 2 minor complications, 
making a total of 7 wound complications 
(1.37 per cent). 

It is interesting to study the incidence of 
wound complications in clinics where other 
methods of skin preparation are in favor. 
We must bear in mind, however, that varia- 
tions in the method of classifying the com- 
plications would make the figures not entirely 
comparable (Table I). 

Age as a factor in the incidence of postopera- 
live wound infections. It seems reasonable to 
suppose that a wound in a young individual 
will deal more successfully with the introduc- 
tion of pyogenic organisms than will a similar 
wound in an elderly patient. This importance 
of the “‘soil” in the development of a sup- 
purative wound infection has frequently been 
suggested, but has not been investigated by 
a controlled clinical study. 

The cases in this series were arbitrarily 
divided, at the age of 50, into two croups 
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Fig. 1. Graph showing relationship between the employment of silk and the annual 


incidence of wound complications. 


(Table II). The incidence of suppurative 
postoperative wound infections was found 
to be 30 per cent greater in the older age 
group. 

Methcd of anesthesia as a factor in the inci- 
dence of postoperative wound infections. The 
increased incidence of suppurative infections 
in tne older age group suggests the possibility 
that the more general use of local anesthesia 
in these patients might be the predisposing 
factor. It seems possible that the local injec- 
tion of anesthetizing fluid might, by chemical 
trauma to the tissues and perhaps by the 
introduction of organisms from the deeper 
layers of the skin, tend to favor the develop- 
ment of wound suppuration. This possi- 
bility has occasionally been suggested but 
apparently has not been subjected to a com- 
parative clinical investigation. 

The cases in this series were divided into 
two groups, according to whether or not 
there had been a local injection of anesthetiz- 
ing fluid at the time of operation. The tabu- 
lated figures (Table III) show a definitely 
diminished incidence of wound suppuration 
where local anesthesia had been employed. 
Moreover this was seen in spite of the fact 
that a larger proportion of the local anes- 
thetic cases were in the elderly group, in 
which, as we have just seen, infection is more 
prone to occur. This definitely indicates 
that the greater susceptibility of elderly pa- 
tients to wound infection is not due to the 
greater use of local anesthesia in these cases. 





As regards an actual increased resistance 
to infection when local anesthesia is employed, 
an objection might be raised to the figures 
given, since in a large proportion of these 
cases the sutures were of silk which as we shall 
see tends to lower the incidence of postopera- 
tive infections. When this factor is controlled 
by dividing the cases into two groups accord- 
ing to the suture material employed, we find 
that the method of anesthesia caused no sig- 
nificant difference in the incidence of sup- 
purative infections (Table IV). 

Effect of suture material upon the incidence 
of wound complications. All the cases were 
divided into three groups according to 
whether the suture material employed was 
silk, catgut, or a combination of the two. 
The incidence of suppurative wound infec- 
tions in the catgut series was just twice that 
in the silk series. The superiority of the silk 
technique was even more strikingly demon- 
strated in the minor wound complications 
(i.e., hematomas and accumulations of serum), 
for these occurred over eight times as fre- 
quently in the catgut cases. In the relatively 
few cases where silk and catgut were em- 
ployed together, complications were more 
frequent than where silk alone was used, but 
considerably fewer than where only catgut 
had been employed (Table V). 

That the type of suture material had a 
direct effect upon the incidence of imperfect 
wound healing is shown by comparing the 
percentage incidence of these complications 






















































































SHAMBAUGH: POSTOPERATIVE WOUND COMPLICATIONS 
TABLE VI.—SUPPURATIVE INFECTION IN CATGUT CASES 
(a) Slight suppuration 
Case | Peay | amount opus | Culture |G dey,) Condon ceramic Follow-up 
764] 4 _ | Several c.cm. [None | 15 | Healed =| ats | tyr, visit, remained healed | 
8352 | m4 Not stated | None _ | 10 _| Healed ___{_%6 _| None 
728 7 | Several drops | None | 17 | Healed | 47 None 
a6i4 4 ? sl | None nia | 13 |Healed i 
2027 6 | Not ot stated. e None _ | 18 | Healed 3 2 yrs., visit, remained healed 
12671 “o | Few | drops None | 10 Healed 19 | None ; 
21071 : Not stated None | 20 | Healed | 20 | 2yrs., visit, remained healed 
31484 | 9 Small amount _ None a | : 23 | Healed 23 3 mos., visit, remained healed 
5281 —— “Not state stated None r | 27 Healed 27 None 
10398 io“ 9 Not stated - None | 1 “a iT Granuli ating 29 None 
‘ 907, -_pi Not stated - None i. ‘3 |  Granulating 42 None 
13527 | _15 _| Small amount None | 24 Discharging sinus 5s0* | None 
1ce (b) Mz arked suppuration 
ed, dene 7 50 c.cm. | None dl 17 | He: aled | 17 | 2yrs., letter, remained healed 
res s281| 9 | Notstated | None | 27_—‘| Heealed 27 | 3 yrs., letter, remained healed 
aed 0329 | 16 | Notstated | None 28 | Healed | 28 | None 
all ore | “= Not ‘stated | Ne None 7 | Clean gre anull ating | 31 | None 
we 12958 | 10. E 75. ¢. = ; | Staph. 5 s | ¢ ‘texan granulating 1 33 None 
-d- 1795 iL ind | Not stated = | None _ 21 | Clean | granulating 38 2 yrs., visit, remained healed 
nd 11774 - | 10 ¢.cm. = Staph. 38 | Clean granulating 45 | None 
ig- 11793 fa, 6 Not stated _ ‘Staph. eS 24 | C “le: an ‘granulating 45 | L yr, visit, re mained healed 
ip- 9207 | 10 |60ccm. | None __ | 34 | Clean granulating rt | (sg 8 yrs., visit, remained healed 
10380 5 Not stated None 20 | Clean gre anulating 55t | None 
ice 82 28 9 q Not stated ae | None a we | Gr anulating ith slight purulent 56 None 
re 7 2 Ae ees i... ae 
to 7808 5 “Not stated None — — | 40 | Granulating 7 | 58 I yr., visit, remained healed 
ras 5039 6 Not stated None | 19 “Disc harging si sinus | 95 4 yrs., visit, remained her tled 
vO. aes | 14 Not stated oc None i | As | Discharging s sinus 76 | None 
>C- *Catgut sutures picked out on joth and sand dey. ; 
at t2 gut sutures expressed on sist day. 
- irom year to year with the greater or lesser “‘follow-up”’ clinic, by a letter to the patient, 
vat employment of silk (Fig. I). We see that or by personal interview and examination. 
) with almost mathematical regularity a more The data thus obtained have been tabulated 
sig general use of silk was accompanied by a_ so as to allow readily a comparison between 
“a lowered incidence of complications and that, the silk cases and the catgut cases. In order 
z conversely, when the use of silk was more _ to facilitate this comparison further, the cases 
oi restricted the wound complications for the in each of these groups have been somewhat 
ut year increased. arbitrarily subdivided into two classes ac- 
a Effect of suture material upon the healing cording to the severity of the infection (Ta- 
of suppurative wound infections. The cases bles VI and VII). The average figures for 
. in which suppurative infection occurred were _ the length of hospitalization and for the total 
os most carefully studied and an effort was postoperative interval before final healing 
“ made to determine the eventual outcome of had taken place (Table VIII) show no sig- 


each case by referring to the records in the 








nificant difference between the catgut and 
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SUPPURATIVE INFECTION IN SILK CASES 


a) Slight suppuration 


| ‘ we . 
Cpe | F0.467 | Amount of pus | Culture |£9.d49,|  Conditgn of wound (F.0d Flow up 
19276 ; = | Several c.cm None 15 Saul eins 24 None 
2108 7 Not stated None 17 Healed 17 2 yrs., letter, remained healed 
eee 6 Not stated None 14 Small granulating area 23 None 
3467 8 ;c.cm Staph 21* Granulating | 35 I yr., visit, remained healed 
40736 | 12 | + c.cm __| B. coli = 7 _ |Granulating ____—_—st_— 28 _—{ None i= as ae 
(b) Marked suppuration 
43149 4 * Considerable” None 10 Healed 10 None 
25707 8 Not stated Staph 160 Healed 10 2 yrs., visit, remained healed 
3 I Not stated None 19 Granulating 25 2 yrs., visit, remained healed 
) 17 oc.cm Staph 5 Healed 25 10 yrs., Visit, remained healed 
28706 7 Not stated Staph 21 | Granulating 29 Infection recurred 5 mo. later, 
Strept | cleared up after drainage 
307 150 ¢.cm. None ( Granulating 33 2 yrs., letter, remained healed 
17905 s Not stated None I Granulating 38 2 yrs., visit, remained healed 
gost 19 Considerable Staph 33 Granulating 10 6 yrs., visit, remained healed 
so 1 yo c.cm Staph 52t Healed 52 | None 
91 I c.cm None 33§ Granulating 61 2 yrs., visit, remained healed 
12 Not stated Staph 3549 Granulating 64 6 yrs., visit, remained healed 
30585 15 Not stated Staph 25 Granulating 112 None 
9 Not stated Staph 34 Granulating 163** | None 


*Several silk sutures picked out on 12th day 
tSeveral silk sutures sloughed on 12th day 
tSeveral silk sutures picked out on 26th day 
§Two silk sutures sloughed out on 21st day 
Several silk sutures sloughed on 21st day 

\ silk suture expressed from wound on 87th day 
**Silk suture removed on 38th and 4oth day 


the silk cases. It is true that two of the silk 
wounds were considerably more obstinate 
than any of the catgut wounds and finally 
showed complete healing only after dis- 
charging some of the sutures. However, it 


TABLE VIII.--AVERAGE FIGURES FROM TABLES 
VI AND VII, SHOWING EFFECT OF SUTURE 
MATERIAL UPON HEALING OF SUPPURATIVE 
WOUND INFECTIONS 


Number Average hospital | Average total 
ol convale scence, convalescence, 
cases days days 
Silk, slight 5 17 25 
suppuration 
Catgut, slight 12 19 24 
suppuration 
Silk, marked 13 22 42 
suppuration 
Catgut, marked 14 26 40 


suppuration 





was observed that the healing of infected 
catgut wounds may also be delayed by the 
presence of suture material which has failed 
to be absorbed. 

The possibility that chromicized catgut 
may, in the presence of suppuration, occa- 
sionally persist as a foreign body and a nidus 
of infection has apparently not been generally 
appreciated. This observation, nevertheless, 
has been made several times in this clinic in 
appendicectomy wounds with mild infection, 
as well as in two of the hernia wounds in this 
series. This persistence of the catgut probably 
is unusual, but leads us to make a reservation 
to statement by Howes and Harvey: 


There are many factors that will hasten catgut 
absorption but practically no known ones that will 
retard it... the gut is absorbed with great rapidity 
in the infected wound in spite of its size or amount 
of chromicization or tanning. 
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Most of the silk wounds healed readily by 
granulation after the pus had been liberated, 
and frequently without sloughing the silk 
sutures (in only one instance was a deliber- 
ate dissection performed to remove the su- 
ture material). In these cases, therefore, the 
silk apparently did not provide a persistent 
nidus of infection. In 1 case in which gross 
‘uppuration had occurred followed by un- 
eventful granulation and healing, a second 
operation was performed 6 months later for 
a recurrence of the hernia. The original silk 
sutures were found in place and without 
vross evidence of infection or irritation. The 
repair was again made with silk throughout 
and the wound healed uneventfully and 
permanently. In just 1 case did a secondary 
abscess occur after complete healing had 
taken place. This was the single instance in 
which streptococci had been recovered from 
the pus. A secondary incision 5 months after 
the original procedure liberated pus from be- 
neath the deep fascia, following which the 
wound granulated and healed permanently. 

One patient provided an interesting clinical 
experiment in that a one stage bilateral repair 
had been performed, silk being used on one 
side and catgut on the other. Both wounds 
suppurated and were opened on the eighth 
postoperative day. No suture material was 
removed. Two weeks later the patient was 
sent home with a small, clean, granulating 
area on each side both of which healed 1 
week later and were found after 2 years to 
have remained healed. 

It would be a mistake to generalize from 
these results without certain reservations. 
One would not expect to see prompt healing 
of infected wounds where heavy silk, such as 
is generally employed in European clinics, 
has been used. Silk technique to be successful 
in spite of the occasional occurrence of wound 
suppuration must follow closely the rules of 


Halsted. 
CONCLUSIONS 


1. The alcohol and bichloride method of 
skin preparation compares favorably with 
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other methods as regards the incidence of 
postoperative wound infection. 

2. Suppuration in clean operative wounds 
is more likely to occur in elderly patients 
than in the younger group. 

3. Anesthesia by local injection does not 
increase the likelihood of wound infection. 

4. In a controlled series the incidence of 
suppurative wound infection where catgut 
was employed as suture material was twice 
as great as where silk was used. 

5. Where fine silk (No. 4) is used and the 
principles laid down by Halsted are followed, 
the presence of silk in suppurating wounds 
does not, on the average, delay the healing 
of the wound. 

6. Infected wounds may heal completely 
and permanently without discharging the 
silk sutures. 

7. The presence of fine silk in infected 
wounds may delay healing for periods up to 
3 or 4 months, but this is exceptional and 
should not deter one from employing the silk 
technique in suitable cases. 
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SEVERE AND FATAL REACTIONS FOLLOWING 





THE 


INTRAVENOUS USE OF GUM ACACIA GLUCOSE INFUSIONS 


WILLIAM E. STUDDIFORD, M.D., New York, New York 


OLLOID solutions were first used in- 
travenously in animals by Czerny in 

1894. He found that he could infuse 

protein and acacia solutions without 

harm. The first clinical use of this type of 
infusion was reported by Hogan in 1915. He 
used 214 per cent gelatin solution successfully. 
During the Great War Bayliss (3, 4) intro- 
duced gum acacia solutions for the treatment 
of shock and hemorrhage, advising a 6 per cent 
solution as being similar to plasma in osmotic 
pressure and viscosity. The intravenous use 
of such a solution was developed because 
there was great need for a substitute for 
transfusion, the latter procedure being often 
not practical or unavailable. Many reactions 
and bad results were noted during this 
period (14), but exact accounts were not found 
in the literature. Bayliss (5), in 1922, re- 
ported again on the use of acacia solutions 
stating that all reactions were due to faulty 
preparations. He emphasized the fact that 
these solutions deteriorate in heat and should 
be kept cool. Following this report the use of 
this type of infusion became very common 
and apparently was attended by few un- 
favorable reactions. Between 1926 and 1932 
3,000 infusions of this type were given at the 
Mayo Clinic with only one unfavorable re- 
action (18). This reaction was a mild allergic 
one apparently due to the fact that the 
patient had received an acacia infusion about 
7 months previously. Almost every paper on 
the subject of postpartum hemorrhage and 
shock speaks highly in its favor. It is being 
used in the treatment of surgical shock (11). 
In addition to its use in the treatment of 
hemorrhage and shock, acacia solutions are 
being tried in other fields. Dieckman, in 
1931, reported on its use in eclampsia. Here 
it was used for the purpose of increasing the 
From the Department of Obstetrics and Gynecology, New York 
University College of Medicine and the Obstetrical and Gy necological 


Service, Third Surgical Division, and the Department of Pathology, 
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fluid content of the blood. He states that one 
of these patients died without convulsions or 
coma and showed the liver lesions of eclampsia 
at autopsy. This is of interest in view of the 
present knowledge of the pathological effects 
of acacia. In addition a report by Hartman, 
Senn, Nelson, and Perley (13) of its successful 
use in nephrotic children appeared in 1933. 

During the same period few reports dealt 
with the unfavorable aspects of acacia solu 
tions. In tg2r Olivecrona reported sudden 
death in a 60 year old woman following gum 
acacia infusion. Cyanosis was a marked 
feature in this case. In 1922 Lee reported 2 
deaths following acacia infusions. Again 
cyanosis was noted as a symptom before 
death occurred. In 1935 Dick, Warweg and 
Andersch reported that, after using gum 
acacia intravenously in 4 children with 
nephrosis, tender enlarged livers developed 
in all of them. After the administration of 
acacia was stopped the liver slowly resumed 
normal size. One of these patients died and 
appreciable amounts of acacia were found in 
the liver at autopsy. This is an important 
observation. Except for these reports, little 
else was found in the literature of an un- 
favorable nature. 

The use of gum acacia glucose solution was 
introduced on the obstetrical service in 
Bellevue Hospital in 1925 by the late H. G. 
Bailey. At first an English preparation was 
used but later the standard preparation put 
up in ampuls by a well known American firm 
was adopted. This preparation contained 6 
per cent gum acacia and 20 per cent glucose. 
It was used frequently with what were 
thought to be beneficial results in cases of ob- 
stetrical hemorrhage with or without shock. 
From January 1, 1934, to January 6, 1936, 
3,599 patients were delivered in Bellevue 
Hospital. We have been able to find the 
records of 56 patients in this group who re- 
ceived this type of infusion. However, it is 
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STUDDIFORD: 


thought that this does not represent the total 
number of patients receiving gum acacia 
glucose solution. 

The handling of these ampuls and the 
technique of administration is as follows: 
300 cubic centimeter ampuls of gum acacia 
clucose solution were sent up from the drug 
room to the delivery room. Three ampuls 
were usually ordered at one time. They were 
kept in an ice box. When a gum glucose in- 
fusion was ordered the infusion was prepared 
hy a nurse. The ampul was immersed in a 
basin of warm water for several minutes. A 
thermometer was not used. After it was 
warmed it was opened and poured into a 
sterile infusion flask. This flask was equipped 
with rubber tubing treated with special 
process given rubber tubing used in infusions. 
The infusion was always given by a physician 
who inserted the needle into a vein, after the 
arm was prepared with iodine and alcohol. 
The tubing was attached to the needle, after 
the syringe was detached. The tubing was 
opened by releasing a clamp, and the gum 
acacia solution allowed to flow into the vein 
at the rate of about 4 cubic centimeters a 
minute, over an hour being required to give 
one ampul of 300 cubic centimeters. The 
exact rate of flow was not measured. Before 
connecting the tubing with the needle the 
warmth of the solution was tested by the 
nurse, and checked by the doctor by allowing 
a small amount of solution to run out upon 
the wrist. While the solution was running 
into the vein it was kept warm by placing hot 
water bottles about the flask or immersing 
the rubber tubing in a basin of warm water. 
Since a thermometer was not used in the flask 
the exact temperature was not known. It is 
possible that these ampuls may be subjected 
to heat or an undesirable environment while 
heing stored in the drug room or in trans- 
portation from the manufacturer. Bayliss (5) 
has emphasized the importance of keeping 
these ampuls in a cool place. 

In December, 1935, a supply of ampuls of 
a similar solution, but prepared by a different 
firm, was received on the obstetrical service. 
On January 5 and 6 two postpartum patients 
died following the infusion of gum glucose 
solution, and one had a severe reaction but 
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recovered. In all these patients the reaction 
was marked by cyanosis, dyspnea, tachy- 
cardia, edema of the lungs, and a sense of 
impending death. The details of these cases 
follow: 


CasE 1. M. F., aged 35 years, quintus decigravida, 
undecimipara. Previous labors had been normal and 
took place at home. During this pregnancy patient 
made 8 visits to the prenatal clinic. The course was 
normal except for edema of the lower extremities. 
The pelvis was gynecoid in type. She was admitted 
to the hospital in labor at 8:00 a.m. on January 4, 
1936, when, for the first time, it was noted that she 
had a twin pregnancy. Her weight at term was 220 
pounds. Labor progressed slowly because of poor 
contractions, the cervix becoming fully dilated at 
5:00 a.m. on January 5, 1936. Because of failure to 
progress the first fetus was delivered by breech ex- 
traction, a normal male child weighing 7 pounds 
2 ounces being obtained. Thirty-five minutes later 
the second child was delivered by breech extraction. 
This infant was normal and weighed 8 pounds 2 
ounces. The uterus did not contract well following 
delivery and considerable blood loss took place. 
Manual removal of the placenta was performed. 
The uterus was packed with 10 yards of iodoform 
gauze. The total blood loss was large and was 
estimated at 2,000 cubic centimeters. No further 
bleeding followed the removal of the placenta. In 
spite of this the pulse was only 110 and the blood 
pressure 90/60. Several competent observers testi- 
fied to the good condition of the patient. Donors 
were called and the patient was treated for impend 
ing shock by external heat, elevation of the foot of 
the bed, morphine, and 500 cubic centimeters of gum 
acacia glucose solution given intravenously. During 
the infusion a moderately severe chill occurred and 
the infusion of gum acacia solution was discontinued 
after about 500 cubic centimeters had been given. 
The patient’s blood pressure at this time was 
110/64. At 10:00 a.m. on January 5, 1936, 2 hours 
and 20 minutes after delivery of placenta, the 
patient appeared a little cyanotic, was apprehensive 
and restless. Blood pressure dropped to 60/10. 
While waiting for the donors, gum acacia was again 
given intravenously and adrenalin, alpha-lobein, 
carbon dioxide, and oxygen were administered. 
Three hundred and fifty cubic centimeters of gum 
acacia solution were given at this time, making a 
total of 850 cubic centimeters of gum glucose solu 
tion given since delivery. Those seeing the patient 
at this time did not think the condition was alarm- 
ing. Abdomen was soft with the uterus at the same 
level as when packed, pulse was of fair quality and 
not rapid, lungs were clear. In spite of treatment 
the cyanosis deepened, frothy fluid drained from the 
mouth and her condition became rapidly worse. At 
this time bright red blood had soaked through the 
uterine packing. At 10:50 a.m., 3 hours and to 
minutes after removal of the placenta, the patient 
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expired simultaneously with the arrival of the blood 
donor. Autopsy was refused by the family. Packing 
was not removed from the uterus for exploration. 

CASE 2. E. W., aged 23 vears, secundigravida, 
secundipara. Patient had attended prenatal clinic. 
Wassermann reaction was negative. Gestation was 
of 35 weeks’ duration. Antepartum course had been 
normal. The pelvis was gynecoid with good outlet. 
In childhood patient had had polyarthritis, also 
acute rheumatic fever at the age of 21. First 2 de- 
liveries had been normal spontaneous term deliver- 
ies, though the babies were small. This patient went 
into premature labor and on admission cervix was 
3 fingers dilated. After a total first stage of 12 hours, 
cervix was found to be completely dilated on vaginal 
examination, the membranes rupturing spontane- 
ously 15 minutes before complete dilatation. The 
patient then spontaneously and easily delivered a 
premature male child of 4 pounds 1514 ounces. The 
placenta separated spontaneously and was delivered 
complete after a third stage of 20 minutes. With the 
birth of the placenta and immediately following, the 
uterus was very atonic and the patient bled to the 
extent of 700 cubic centimeters. Routine methods 
for controlling hemorrhage were carried out; 
pituitrin and gynergen were given. Soon after this 
she had an additional blood loss amounting to 150 
cubic centimeters. Patient showed signs of impend- 
ing shock and arrangements were made for trans- 
fusion. Meanwhile, before transfusion, an infusion 
of gum glucose solution was started. After about 100 
cubic centimeters of gum acacia solution had been 
given, the patient developed a severe chill and the 
infusion was stopped. At this time the blood donor 
had arrived and the patient was given 800 cubic 
centimeters of whole blood immediately following 
the discontinuation of the gum acacia solution. The 
patient was then put to bed and when next seen, 
approximately 15 to 30 minutes later, she was 
cyanotic, her pulse was 110 to 130, was very thready 
and of poor quality although the blood pressure at 
this time was 118/85. The patient was dyspneic. 
Inasmuch as the patient had inactive rheumatic 
heart disease, that this state was sudden cardiac 
decompensation was considered, but definite signs 
of congestive heart failure were absent. The patient 
was seen by a medical consultant who thought that 
the patient was in shock due to hemorrhage. While 
it was felt that this was a very likely diagnosis, the 
patient failed to respond to a transfusion, and the 
blood pressure did not drop as much as one would 
expect. Inasmuch as this reaction occurred ap- 
proximately at the same time as in the two other 
patients receiving gum glucose infusion, the acacia 
solution was strongly suspected. The first few days 
after delivery the patient appeared to have some 
tenderness beneath the right costal margin and in 
the right upper quadrant, but this was difficult to 
interpret because she was an apprehensive in- 
dividual. With the possibility that liver damage 
was present, a levulose tolerance test was done on 
the fourth day following delivery and showed a 
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normal blood sugar curve, the blood sugar in the 2 
hour specimen being lower than in the 1 hour 
specimen and the curve on the down grade. Dail) 
urine examinations were done for bile and uro 
bilinogen. Tests for bile in the urine were negative 
throughout her course. Urobilinogen reaction was 
always slightly positive on undiluted specimens and 
was not present in high dilutions of urine. Icteric 
index was only 5; Van den Bergh reaction, both 
direct and indirect, was negative. Patient refused 
any further work-up and she and her husband both 
refused to allow blood to be withdrawn from her for 
fragility test of red blood cells. Patient ran a morbid 
course having a temperature of ror degrees on the 
third, fourth, and fifth days, and 100.4 degrees on 
the sixth, seventh, and eighth days, after which it 
was normal. This fever was thought to be due to 
puerperal infection, vaginal culture showing Staph 
ylococcus aureus. She was discharged on the 
fourteenth day postpartum in good condition. She 
is still under observation and, when last seen, ap 
peared in good health. 

Case 3. B. B., aged 17 years, unmarried, nullipara, 
primigravida. She had not attended the prenatal 
clinic. Patient was admitted to hospital on Decem 
ber 23, 1935, because of false labor. She stated that 
for several weeks before admission she had suffered 
from nausea and vomiting, headache, spots before 
the eyes, and epigastric pain. Her blood pressure 
was 150/110. The urine was negative for albumin. 
General physical examination was negative. The 
pelvis was found to be ample. Mild toxemia of 
pregnancy was suspected. After rest in bed her blood 
pressure subsided to within normal limits. Repeated 
examination of the urine was negative. Her weight 
at term was 145!4 pounds. Labor began at 11:00 
p.m. on January 5, 1936. At 2:10 p.m. on January 6 
the cervix was fully dilated, the membranes ruptured 
and the fetal head was well engaged in right oc 
cipitoposterior position. The blood pressure was 
150/110. Albumin had appeared in the urine. At 
5:00 p.m., due to failure in progress, delivery was 
accomplished with forceps after an episiotomy had 
been performed. A stillbirth resulted due to intra 
cranial injury. The episiotomy was repaired. Fol 
lowing the delivery of the placenta the uterus was 
atonic and blood loss occurred with the delivery of 
the placenta, after the birth of the placenta, during 
the repair and from the episiotomy wound, coming 
to a total of 850 cubic centimeters. Following com 
pletion of the repair the patient showed signs of mild 
impending shock with rather a fast pulse but the 
blood pressure remained normal. As a precautionary 
measure she was given 600 cubic centimeters of gum 
acacia solution by infusion and morphine 14 grain. 
Her condition was thought to be good. At 7:00 p.m., 
2 hours after the birth of the baby and at the con- 
clusion of the gum acacia infusion, it was noted that 
the patient did not respond as well as expected. 
She was still unconscious, pupils were constricted 
and equal, blood pressure was 122/50; pulse, 130: 
respirations were labored, 38 per minute; and 
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moderate cyanosis was present. The fundus had 
remained firm following delivery, and at this time 
an additional 150 cubic centimeters of blood clots 
vere expressed from the fundus. It was thought 
surprising that her condition had not improved, 
since the total blood loss had been only 1000 cubic 
entimeters. While awaiting a professional blood 
donor the blood pressure dropped to 80/38, pulse 
rose to a range of 160 to 180, and the patient re- 
mained unconscious. The patient was given an 
additional 300 cubic centimeters of gum acacia 
glucose solution by vein, following which the blood 
pressure rose to 122/58, but the pulse remained at 
160 and some cyanosis persisted. The fundus re- 
nained firm. At 8:00 p.m., 1 hour after the above 
condition was noted, the patient was given a trans- 
fusion of 700 cubic centimeters of whole blood from 
a professional donor. Just before transfusion the 
blood pressure again fell to 90/50 and the pulse rose 
to 170 and 180. Following transfusion it was at first 
thought that her condition had improved, she re- 
gained consciousness, asked to be taken to the ward, 
recognized her sister, and complained of severe right 
shoulder pain. At this time breathing was a little 
easier, some cyanosis still persisted, blood pressure 
was 150/100, pulse had dropped to 130. The fundus 
appeared slightly soft at intervals but contracted 
with gentle massage. However, a small amount of 
continuous vaginal bleeding was observed. Because 
of this vaginal bleeding in the presence of a firm 
uterus, and since her general condition was better, 
it was decided to examine her for a source of bleed- 
ing. The bleeding was coming from within the 
uterus so the uterine cavity and vagina were packed 
with 1o yards of iodoform gauze. At 9:00 p.m., 20 
minutes later, her blood pressure was 120/90, pulse 
160, and the patient was again stuporous and could 
not be aroused. At this time the skin was warm and 
gray, temperature by rectum 97.6 degrees. The 
bladder was catheterized and yielded a few cubic 
centimeters of perfectly clear urine which on 
examination showed albumin 2 plus. Forty-five 
minutes later, at 9:45 p.m., respirations became more 
labored, blood pressure was 120/90, pulse 168, 
temperature 102.4 degrees. Generalized cyanosis 
now developed. Several small petechial hemorrhages 
were noted about the umbilicus where the fundus 
had been massaged. The fundus was firm, enlarged 
due to packing, and the vaginal packing appeared 
soaked with blood, though this was not marked. 
Blood pressure remained fairly constant at 120/90. 
At 10:30 p.m., 45 minutes later, respirations were 48 
a minute and difficult. Oxygen inhalation was 
started because of increasing cyanosis, but this was 
without effect. At 11:00 p.m., 30 minutes later, the 
patient was given a second transfusion of 600 cubic 
centimeters of whole blood from professional donors, 
with no reaction noted. Oxygen was continued but 
did not in any way affect the cyanosis. Blood 
pressure was the same, 120/90, pulse 160. At this 
time the abdomen was soft but appeared somewhat 
distended and there was a suggestion of dullness in 
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the flanks but shifting dullness was not demon- 
strated. At midnight, 1 hour later, respirations were 
more labored, cyanosis had deepened, the lower ex- 
tremities were livid, the pupils were small and con- 
tracted, the eyeballs were rolling, and the patient 
remained in deep coma. At 12:30 a.m. her condition 
was still worse, temperature had risen to 104.2 
degrees, there was no response whatsoever to the 
second transfusion, cyanosis deepened, respiratory 
difficulty increased, blood pressure was 100/40, 
pulse was unobtainable, heart sounds inaudible. 
Oxygen, which had been administered up to this 
time without effect, was discontinued. A few ounces 
of brownish fluid exuded from the patient’s mouth 
at intervals. At 1:05 a.m. on January 7, about 8 
hours postpartum, the patient expired. 

Postmortem vaginal examination revealed no 
injury to the vagina, cervix, or uterus other than a 
very small laceration on the left side of the cervix. 
Uterus was of normal size. 

Permission for postmortem examination was 
obtained. 

Autopsy No. 22835 performed 8 hours _post- 
mortem, January 7, 10936, limited to 6 inch ab- 
dominal incision. Gross: the main findings were as 
follows: External: deep cyanosis. The peritoneum 
was smooth and glistening throughout and contained 
100 cubic centimeters clear serosanguineous fluid. 
The uterus was symmetrically enlarged to the level 
of the umbilicus and showed no evidence of injury. 
The lungs were heavy, wet and soggy; the pleura 
smooth with no free fluid. On section the lungs were 
moist and congested. The trachea was pink and 
congested. The heart was small, weighed 300 grams; 
the myocardium was flaccid; the chambers contained 
little blood; few subendocardial hemorrhages present 
in left ventricle; coronary arteries appeared ex- 
ceptionally small and thin walled. The aorta ap 
peared unusually small, measuring 5 centimeters at 
aortic valve; 4 centimeters at the arch; 3% centi 
meters in the descending portion and 2% centimeters 
at the bifurcation. Otherwise no abnormal changes 
were noted. The liver weighed 2000 grams; was 
normal in shape. Beneath a smooth glistening 
capsule, the tissue had a reddish yellow mottled 
strawberry appearance, the red areas appearing to 
be hemorrhages varying from 1 to 4 centimeters in 
diameter. Between the hemorrhages the liver had a 
yellowish brown color. ‘There were extensive sub 
capsular hemorrhages 4 to 8 centimeters in diameter 
over the superior portion of the liver, especially near 
the reflexion of the peritoneal layers; on section 
through these areas the zone of hemorrhage was seen 
to be 3 millimeters in thickness; the parenchyma 
appeared reddish brown in color, firm in consistence 
and congested; in many areas surrounding the 
visible portal channels there was a reddish purple 
discoloration 1 to 3 centimeters in thickness. Upon 
opening the portal vein no thrombi were found; it 
had a smooth intima with a deep reddish purple 
color. The gall bladder and bile ducts were normal. 
The pancreas was normal. As to the gastro-intestinal] 
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tract, a few small submucous hemorrhages were 
noted in the large and the small intestine. The 
spleen weighed 250 grams and was soft and mushy 
in consistence with no follicular markings. The 
adrenals, the kidneys, and the bladder were normal. 
The uterus was the typical normal term postpartum 
organ. 

Microscopic examination. The main findings are 
briefly as follows: 

The lungs were well expanded with congestion and 
edema; the blood vessels were full of hemolyzed red 
cells. As to the heart, sections of subendocardial 
tissue showed large capillary spaces between the 
muscle fibers filled with hemolyzed red cells and 
shreds of fibrin. Capular sections of the liver showed 
massive hemorrhage between capsule and liver 
tissue; red cells hemolyzed; similar hemorrhages 
were found around the large portal channels so 
extensive that in some cases the veins were dissected 
free from the surrounding tissue. The architecture 
of the liver lobules was markedly changed; the cells, 
instead of lying in compact orderly cords, were 
separated from one another and scattered about with 
clear spaces intervening; in these spaces lay a 
granular substance resembling hemolyzed red cells. 
The liver cells had a pale, granular, vacuolated ap- 
pearance with shrunken nuclei. Section of the spleen 
showed the tissue to be autolyzed; few trabecule 
were seen. The cells were far apart and less numer- 
ous than normal; the intercellular spaces were filled 
with a substance resembling hemolyzed red cells. 
The glomeruli of the kidneys were normal in size but 
had a hazy appearance; the cytoplasm of the cells 
was pale and granular. Bowman’s capsules and 
blood vessels appeared normal; tubules, especially 
the large collecting tubules, showed marked change 
in epithelium, the cells being pale, granular, and 
amorphous, some being fragmented. The nuclei 
were pale and shrunken. In addition in the left 
kidney many of the glomeruli were swollen and con- 
tained leucocytes. About one-third were destroyed 
and the surrounding tissue contained lymphocytes, 
plasma cells, and polymorphonuclear leucocytes. 
The wall of the left kidney was infiltrated with 
plasma cells, lymphocytes, and polymorphonuclear 
leucocytes. Section of the left ureter showed similar 
changes. The cells in cortical and medullary areas 
of the adrenals were pale, granular, and vacuolated; 
some were fragmented; the medulla was congested, 
the red cells appearing to be hemolyzed. Nothing 
abnormal was noted in the uterus, tubes, and ovaries. 
Chemical analysis of liver and kidneys revealed no 
mercury, antimony, or arsenic. 

Diagnosis: Pulmonary edema and congestion of 
lungs. Subcapsular and periportal hemorrhages of 
liver. Congestion of liver. Extensive autolysis of 
liver. Hypoplasia of coronary arteries. Hypoplasia 
of aorta. Congestion of adrenals. Splenomegaly. 
Chronic pyelonephritis and pyelitis, left. The ap- 
pearance of liver, adrenals, and kidney tubules sug- 
gests strongly postmortem autolysis. On the other 
hand, autopsy was performed only 8 hours post- 





mortem, thin sections of tissue were cut and placed 
in ample fixing fluid, and the autolysis was not 
uniform, being absent from pancreas and uneven in 
the kidneys, the tubules being mainly involved 
This suggests the possibility that this appearance 
may be due to an antemortem process. 

Following this case the use of gum acacia 
glucose was immediately stopped and all sup- 
plies of this solution recalled. It was found 
that 16 ampuls had been used throughout the 
hospital. Of these 6 had been used on the 
obstetrical service with reactions in every 
instance. Ten had been used on other serv- 
ices. Nine produced no reaction, while the 
tenth produced a clinical picture, identical to 
that previously described, in a patient on the 
psychiatric service. This patient recovered. 
Samples were submitted to A. O. Gettler for 
chemical analysis. He was unable to find any 
toxic agent other than glucose, gum acacia, 
sodium chloride, and caramel. The first three 
were present in the amounts stated on the 
label. The makers stated the solution had 
been caramelized to give it a brown color. 
The hydrogen-ion concentration was found to 
be 4.8. Samples were sent to F. W. CoTui of 
the department of experimental surgery. The 
following is a summary of his report: 

Four dogs weighing between 13 and 17.5 kilograms 
were given this 14. solution intravenously in amounts 
varying between 50 and 125 cubic centimeters. All 
the dogs showed a reaction which was almost im 
mediate and which was characterized by anxiety, 
depression, vomiting, bloody diarrhea, fever, and 
leucopenia. Death occurred in no instance and slow 
recovery followed. In one of these animals the 
experiment was repeated after an interval of 4 weeks, 
50 cubic centimeters of solution being used. A more 
marked reaction of the same character occurred 
which almost resulted in death. One dog was killed 
and subjected to autopsy. The chief findings were 
submucosal hemorrhages of the stomach and large 
intestine and subpleural hemorrhages. The liver was 
deeply congested and appeared mottled on section 
Microscopic examination of the liver was unsatis 
factory because of faulty fixation. 

Similar reactions in dogs were obtained 
with the brand of solution formerly used on 
the obstetrical service. The product of a 
third manufacturer produced no immediate or 
apparent reaction. CoTui has evidence to 


believe that the cause for the immediate re- 
action lies in an error in preparation of the 
solution. 


Further work is being undertaken 
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by us on the question of immediate and re- 
mote reactions to gum acacia and will be 
reported in a joint paper at a later date. 
This group of cases may now be considered 
briefly: In Case 1 because of the large amount 
of hemorrhage and in spite of the excellent 
condition of the patient, as testified by several 
competent observers before the gum acacia 
glucose solution was given, it was felt that in 
all likelihood hemorrhage and delayed shock 
were the cause of death. Her ability to with- 
stand this large blood loss may be accounted 
for on the basis of her excessive weight. The 
sudden change taking place in this patient 
following the infusion was utterly different 
from that usually seen in the condition of 
shock which is treated either by transfusion 
or infusion of simpler solutions. However, 
this did not become clear until the 2 other 
patients had been observed. Case 2 had 
cardiac disease and her reaction was at first 
interpreted as an acute decompensation. 
Case 3, a young primipara, with slight pre- 
eclamptic toxemia, was in fair condition fol- 
lowing delivery in spite of a blood loss totalling 
850 cubic centimeters. Because her pulse was 
somewhat rapid and her blood pressure below 
normal limits, the infusion was given. The 
sequence of events following this infusion, and 
the lack of improvement after the transfusions 
suggested immediately that the gum acacia 
solution, possibly a faulty one, was responsible 
for the severe reaction and subsequent death 
of this patient. Furthermore, a bright light 
was cast on the two preceding cases. While 
unquestionably it would seem that, in this 
series of cases, a faulty solution was being 
used, nevertheless it is of interest to note that 
the solution in this supply of ampuls was not 
of uniformly poor quality. In 9g instances it 
was used without obvious reaction. The lesion 
in the liver found at autopsy is of marked 
interest in relation to recent experimental 
work. The clinical syndrome of cyanosis, 
dyspnea, tachycardia, and often pulmonary 
edema, following upon the injection of such 
solutions is of extreme interest. It served to 
recall several puzzling cases observed on the 
obstetrical service during the past 2 years. 
Transient attacks of cyanosis and dyspnea 
were noted in several cases receiving gum 
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acacia glucose solution intravenously. The 
following 3 instances are the outstanding 
members of this group. 


CasE 4. C. C., aged 20 years, white, nullipara, 
primigravida. Patient paid one visit to the prenatal 
clinic in September, 1933. At this time a general 
physical examination was negative; the pelvis 
seemed ample; her pregnancy was estimated at 
about 64 months; blood pressure 122/70; urine 
negative. She did not return to the clinic but was 
admitted to the ward on January 11, 1934, at term, 
with slight pains and a history suggesting loss of 
amniotic fluid and mucus for 2 days. During the 
next 2 days labor pains were very ineffectual and 
little progress was made in the dilatation of a thick 
rigid cervix. The patient refused food and took 
fluids poorly. At 6:00 p.m. on January 13 it was 
determined to deliver the patient by Latzko 
cesarean section. Before operation 500 cubic centi- 
meters of glucose 5 per cent solution was given by 
clysis and 1,000 cubic centimeters of 5 per cent 
glucose was given intravenously. The patient proved 
difficult to anesthetize and the operation was com- 
pleted in 75 minutes, a normal female child being 
delivered. The blood pressure was 100/58 at 9:50 
p.m. but dropped in 1 hour to 80/40. . The pulse 
varied from 120 to 144. The lungs were noted to be 
clear. Four hundred cubic centimeters of gum 
glucose solution were given intravenously. Follow 
ing this the pulse rate rose to 140 and the onset of 
cyanosis was noted. This was not marked for 24 
hours but at midnight on January 14 she became 
extremely cyanotic, dyspneic with a pulse of 146. A 
medical consultation was called and the diagnosis of 
left ventricular failure with prolonged paroxysmal 
tachycardia was suggested. An electrocardiograph 
was taken which was negative. Oxygen was given 
by nasal catheter with no noticeable improvement. 
A transfusion of 500 cubic centimeters was followed 
by some improvement. However, her condition 
slowly grew worse. At 8:00 p.m. moist rales were 
present in both lungs, respirations were 36 and pulse 
160. The blood pressure ranged from 114/60 to 
135/65. Temperature ranged from 103 degrees to 
104 degrees. She died without improvement at 
7:15 p.m. on January 16, 1934, 3 days after opera 
tion. At no time was distention present or any 
evidence of peritonitis. Aerobic and anaerobic blood 
cultures were negative. Vaginal culture showed 
Bacillus coli, Staphylococcus aureus and diphtheroid 
organism. No autopsy was obtained. 

CasE 5. A. B., aged 38, nullipara, primigravida, 
at term, was admitted at 5:00 p.m. on September 3, 
1934, with a history of having been in labor for 36 
hours, since 6:00 a.m. on September 2, 1034, at 
which time the membranes ruptured. The doctor 
in attendance reported that her pains had been of 
excellent quality throughout the period preceding 
admission. He had advised hospitalization re 
peatedly but the patient had refused. 
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On admission position was determined to be right 
occiput posterior with the head barely dipping in the 
pelvic inlet. No pelvic measurements had been 
secured inasmuch as patient had never attended a 
personal physician or a clinic. Rectal examination 
revealed a head very high, a thick tough cervix, two 
fingers dilated, and an ample pelvic cavity and out- 
let. Amniotic fluid was draining from the vagina. 
Because of the long labor, the abnormal position, 
failure of engagement and descent, and the ruptured 
membranes, together with the condition of the 
cervix, which, according to the attendant had 
grown steadily more edematous, it was deemed ad- 
visable to perform a low flap cesarean section. The 
fetal heart was heard immediately prior to operation. 
Cesarean section was performed at 9:45 p.m. result- 
ing in the delivery of a 7 pound stillborn female 
child. Amniotic fluid was markedly stained with 
meconium and was scant in amount. The only factor 
deemed responsible for the baby’s death was the 
presence of a very thin umbilical cord, having very 
little Wharton's jelly, wound tightly twice about the 
baby’s neck. The condition of the patient on return 
to the ward was poor. She was slightly cyanotic, 
pulse 140, respirations rapid. Blood pressure 80/60. 
An infusion of 600 cubic centimeters of gum glucose 
was given at 11:00 p.m. following which the blood 
pressure rose to 140/68. At 1:45 a.m., 4 hours after 
operation, the patient was markedly cyanotic and 
dyspneic with a heart rate of 140. Coarse bubbling 
rales, probably transmitted from the trachea, were 
heard over the entire chest. Patient was given 
morphine, oxygen was administered by nasal 
catheter, and a medical consultation was called. 
The consultant advised adrenalin, transfusion, and 
oxygen. Transfusion of 400 cubic centimeters of 
whole blood was given with no appreciable improve- 
ment. The diagnosis of postoperative circulatory 
collapse with no evidence of pulmonary collapse or 
embolism was considered at this time. 

The next morning the patient was somewhat im- 
proved but was still cyanotic. Temperature rose to 
102.6 degrees, the radial pulse was imperceptible, 
the temporal pulse was 130 and of fair quality, the 
blood pressure could not be obtained. At 5:00 p.m. 
the patient’s condition appeared critical. The 
temperature was 105 degrees, pulse 168, and there 
was marked distention of the abdomen. On advice 
of the medical consultant, transfusion of 500 cubic 
centimeters of whole blood was given, with slight 
improvement in the patient’s color. A Wangensteen 
nasal siphon was inserted with marked immediate 
improvement in distention. Morphine was given 
and the patient appeared to be comfortable. Alcohol 
sponges reduced the temperature to 103 degrees. 
This therapy was continued through the night with 
no marked improvement until 4:00 a.m. when the 
patient became very restless and pulled out both 
the oxygen catheter and the nasal siphon. She was 
markedly cyanotic. At 8:10 a.m. her temperature 
rose to 107.8 degrees, breathing was labored, and 
grunting, and at 8:30 a.m. the patient died. 
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At no time were there any signs of embolism 
pneumonia, massive collapse, hemorrhage, or per 
tonitis in evidence. Permission for autopsy was 
obtained. 

Autopsy No. 20966 was performed 2% hours post 
mortem, September 5, 1934, limited to opening o 
operative wound. Gross: the main findings were a: 
follows: External appearance was negative. Thi 
abdominal wound showed no healing and there wa 
no evidence of infection. The peritoneum contained 
no free fluid; it was smooth and glistening through 
out. The uterus was symmetrically enlarged to th 
umbilicus. The thoracic organs were remove: 
through the diaphragm; the pleural cavities wer 
dry and free from adhesions. The heart, not weighed 
was normal in size and general appearance. The 
aorta was noticeably small in diameter but was not 
measured. The lungs were normal except that 
moderate amount of frothy fluid was expressed from 
the cut surface on pressure. The bronchi were nor 
mal, and no emboli were noted in the pulmonary 
artery. The spleen had the normal follicular mark 
ings. The gastro-intestinal tract was normal. Thx 
pancreas was normal. The liver was of normal size 
the capsule was thin, smooth, glistening, the under 
lying tissue appearing dark red; on section th 
lobules could be made out, the surface being smooth 
and yellowish pink in color; no changes in the porta! 
spaces. The gall bladder, the adrenals, and the kid 
neys were normal. The bladder showed a few sub 
mucous hemorrhages. The uterus was characteristic 
of a recent postpartum organ with a clean unhealed 
incision from recent low flap cesarean section. The 
ovaries and tubes were normal. 

Microscopic examination: The significant findings 
are as follows: The lungs were normal in the main 
There were several bronchioles with desquamating 
epithelium containing polymorphonuclear leucocytes 
In one or two lobules the alveolar spaces contained 
polymorphonuclear leucocytes. In the liver wert 
scattered diffusely throughout many focal areas of 
necrosis, usually mid zonal, some quite extensive in 
which liver cells were shrunken, vacuolated, and 
disintegrated; these have no relation to portal spaces 
A few polymorphonuclear leucocytes were present in 
these areas. The bile capillaries in these areas were 
tremendously dilated; in other areas large vacuoles 
were present (fat). The liver cells contained many 
clear vacuoles. A small periportal hemorrhage was 
noted. At one point in one section there was a smal! 
subcapsular hemorrhage of the liver. Frozen sections 
stained with scharlach R showed that the majority 
of the vacuoles in the liver cells did not contain fat. 
They presented a rim which took a bluish stain 
The contents were clear, refractileand seemed creased. 
Many of the sinusoids of the liver appeared to be 
plugged with a similar material. Examination of 
other organs revealed no striking changes. 

Diagnosis: Multiple focal necroses of liver. Small 
subcapsular hemorrhage of liver. Miliary periportal 
hemorrhage of liver. Hypoplasia of aorta. Slight 
lobular pneumonia. Slight purulent bronchitis. 
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Case 6. L. L., white, native American, age 27 
years, nullipara, primigravida, reported to the ante 
partum clinic on May 26, 1934, during the third 
month of her pregnancy. Her past, menstrual, and 
family histories were non-contributory, and she 
presented no complaints. Physical examination was 
completely negative and the pelvis was found to be 
gynecoid in type. During her 12 subsequent visits to 
the clinic she had no complaints except for an occa- 
sional cramp in the left leg; her weight was found to 
have gradually increased from 149.5 to 178 pounds; 
urine examinations were uniformly negative; blood 
pressure varied from 98/60 to 120/96; Wassermann 
was negative; the fetal heart sounds were first heard 
on November 1 and were normal at all times since 
then. The presentation changed from left occiput 
anterior on the first visit to right occiput transverse 
on the last visit. 

On January 10, 1935, she was referred to the 
hospital for induction of labor since she was 14 days 
past her expected date of confinement and a rela- 
tively large baby was suspected. On admission the 
patient offered no complaints, looked well, blood 
pressure 120/84, the fetus was large and in right 
occiput transverse presentation with an unengaged 
but dipping head. The patient was given castor oil, 
2 ounces, quinine, 5 grams, and an enema, with no 
reaction. On January 12, irregular weak pains began 
and the cervix was thick and 1 to 2 fingers dilated. 
On January 13, castor oil, quinine, and soapsuds 
enema repeated as on admission. Not until the 
morning of January 14 was the cervix completely 
dilated. The membranes were then artificially rup- 
tured, normal amniotic fluid liberated, and 3 hours 
later, when satisfactory progress had ceased, an 
episiotomy was performed, the head was rotated 
from right occiput transverse position by a Kielland 
forceps and then delivered by a Tucker McLane 
forceps. This procedure was not particularly diffi- 
cult, the total blood loss was 300 cubic centimeters, 
the duration of labor was 40 hours, and the child 
weighed 161 ounces. It should be added that the 
delivery was preceded by rectal anesthesia (60 cubic 
centimeters of ether plus 52 cubic centimeters of 
olive oil plus 0.6 gram of quinine plus 8 cubic 
centimeters of alcohol) and later supplemented by 
inhalation anesthesia (nitrous oxide plus ether plus 
oxygen, through Gwathmey apparatus). Immedi- 
ately after delivery she was given 1 cubic centimeter 
of pituitrin and 1 cubic centimeter of ergotamine 
tartrate. 

Within an hour the patient complained of chill- 
iness, looked pale, pulse 140, and blood pressure 
80/60. Three hundred cubic centimeters of gum 
acacia glucose solution were given intravenously, 
blood pressure rose to 120/74 and pulse fell to r1o. 
Six and one-half hours after delivery she was noted 
to be stuporous, dyspneic, ventricular rate 140, ex- 
tremities cold and clammy, pulse imperceptible, and 
blood pressure unobtainable. 

A striking purpuric manifestation now appeared. 
The cheeks, nose, chin, and lower forehead took on a 


bluish-black discoloration while the circumoral and 
circumorbital areas remained conspicuously free. 
The entire face was considerably edematous. The 
gums were deep blue but the tongue and buccal 
mucous membranes were of normal color. The 
shoulders and lateral surfaces of arms and forearms 
assumed a fainter cyanotic hue, while the fingers and 
nail-beds remained unchanged. Eye grounds were 
normal. Oxygen inhalation did not affect any of the 
discolorations. Spectroscopic examination of blood 
was negative for methemoglobin, urine examination 
was negative for phenol, cyclic amines and benzine, 
and the Rumpel-Leeds test at 65 millimeters of 
mercury (blood pressure 94,70) was negative at end 
of 2 minutes. 

The systemic signs and symptoms responded 
favorably to transfusion, intravenous gum acacia 
glucose, and application of heat. The discoloration, 
however, persisted and a few small additional areas 
later appeared on lateral aspects of both thighs. The 
following day the blood pressure was 114/84, non- 
protein nitrogen was 37 milligrams per 100 cubic 
centimeters, red blood cells, 2,860,000, and hemo- 
globin 60 per cent. Catheterized urine showed 
specific gravity of 1.015, albumin 2 plus, benzidine 4 
plus, many red blood cells and urobilinogen present 
in 1:20 dilution. Bleeding time (Duke) 214 minutes; 
coagulation time (capillary tube) 3 minutes; sedi- 
mentation rate 18 millimeters in 16 minutes; and 
platelet count was normal. 

On January 18 the color of the involved areas 
began to change gradually to a violaceous redness 
and this in turn faded to lighter shades until by 
January 31 she looked perfectly normal once more. 

On the fourth day postpartum she developed a 
temperature of 100 degrees which gradually rose 
during the next six days to 102 degrees, slowly re 
turning to normal. This was believed to be due toa 
staphylococcus infection of the perineal wound. 
Before discharge patient was tested for hypersensi- 
tivity to fluid extract of ergot by oral, patch, and 
intracutaneous methods and was found to react 
normally. On February 9, 1935, mother and baby 
were discharged in excellent condition. 

On February 20, she was seen in the postnatal 
clinic. Her general condition was excellent. The 
perineal wound was well healed. No complaints ex 
cept for a mild diarrhea on the previous day. On 
February 25, she returned, now appearing markedly 
jaundiced (for the fourth day) and complaining of 
dizziness, headache, pruritus, clay colored stools, 
and vomiting for the past 24 hours. Her temperature 
was 103.8 degrees and she was admitted to the Third 
(N.Y.U.) Medical Division. On examination she 
did not look severely ill; smooth liver edge was 
palpable two fingers breadth below costal margin; 
blood pressure 95/75; and rest of examination was 
negative. Bile was present in urine and urobilinogen 
was present in undiluted urine but absent in 1:10 
dilution. The blood count was normal. Qualitative 
Van den Bergh showed direct immediate reaction 
and the icteric index was 150. The bromsulphalein 
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test indicated 100 per cent retention. The urine 
specimens of the following 3 days contained no 
urobilinogen and were positive for bile. The stools 
were negative for bile. 

During the next week her temperature fluctuated 
between 100 degrees and 103 degrees, and jaundice 
increased somewhat. On March 3 the patient be- 
came delirious and unmanageable and was trans- 
ferred to the Psychiatric Division. On March 4 she 
was still delirious, bilateral Babinski’s were noted, 
right ankle clonus noted, and liver edge was still 
palpable two fingers breadth below costal margin. 
During the evening she sank into coma, developed 
pulmonary edema, and died early the following day. 
Permission for autopsy was obtained. 

Autopsy No. 21670 performed 6 hours post- 
mortem, March 5, 1935. In gross examination the 
main findings were as follows: The external appear- 
ance was of deep jaundice. The peritoneal cavity 
contained no free fluid. The liver edge was 2 centi- 
meters above the right costal margin in the mid- 
clavicular line. Where mesentery joined the in- 
testines there were discrete subserous hemorrhages 
1 to 5 millimeters in diameter; more diffusely present 
as root of mesentery was approached. The uterus ap- 
peared well involuted. The precordial area was 
normal; the pleura free from fluid or adhesions. The 
lungs appeared normal except for congestion. The 
heart weighed 240 grams with no abnormal findings 
other than size. The aorta was normal. The liver 
was small, weighed 1140 grams, surface smooth; 
color, pale yellow brown; very soft in consistence 
and changed shape on handling. On section the 
surface appeared to be studded with discrete bright 
red foci separated by 2 to 3 millimeters of tissue 
which had a yellowish orange brown color. The red 
areas were found chiefly in the right lobe of the liver. 
This was less marked in the left lobe. Here was 
noted a rather circumscribed area about 1% centi- 
meters in diameter, pale brown in color, and free 
from hemorrhage. The gall bladder and bile ducts 
were normal; the hepatic artery and portal vein 
appeared normal. The spleen appeared large, 
weighed 250 grams. The cut surface was slate blue; 
consistence very soft, and no follicular markings 
could be made out. The pancreas were normal. 
There were discrete submucosal hemorrhages of 
stomach, ileum, and large intestine. The adrenals 
were normal. The kidneys weighed 150 grams; the 
capsule was tense; the cut surface bulged on section; 
the consistence was soft. The bladder showed sub- 
mucous hemorrhages. The uterus was that of a post- 
partum organ showing almost complete involution; 
the placental site was still attached. The tubes and 
ovaries were normal. As to the head, no abnormal 
findings other than slight excess of spinal fluid and 
few small arachnoid hemorrhages were noted. The 
thyroid was normal. 

Microscopic examination: The main findings are 
as follows: In the lungs were focal alveolar hemor- 
rhage; slight lobular pneumonia. The glomeruli and 
blood vessels of kidney were normal; the epithelium 
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of tubules was swollen and encroaching on the 
lumina. The spleen showed marked congestion 
The liver had undergone such radical alteration that 
even identification was difficult. Many scattered 
necrotic liver cells were noted in a background of 
vague reticular framework; no recognizable lobular 
arrangement was noted in other areas, the lobular 
outlines were more readily distinguished and here 
and there were areas in which parenchymal elements 
have completely disappeared, alternating with those 
in which outlines of liver cells are still recognizable 
Scattered bile pigment was present. Areas were 
noted containing numerous bile ducts. Frozen sec 
tions revealed no additional findings. Other organs 
showed no important changes. Chemical analysis of 
liver was negative for arsenic and mercury. 

Diagnosis: Acute vellow atrophy of liver. Slight 
lobular pneumonia and focal hemorrhage of lungs 
Hemorrhages of intestine and mesentery. Arachnoid 
hemorrhages of brain. Hypoplasia of heart. Sple 
nomegaly. Icterus. 


While Cases 4 and 5 were difficult with a 
serious prognosis and while it is impossible to 
show that the use of gum acacia solution was 
the sole cause of death, nevertheless they 
present symptoms in common with those of 
the first group and suggest that the infusion 
may have had some influence on the clinical 
picture presented before death. The use of 
this type of infusion in these particular cases 
was followed by harmful effects. In the au 
topsy on Case 5 a hepatic lesion was again 
noted, though at the time its possible sig 
nificance was not realized. It was not as 
extensive or destructive as in Case 3, but may 
represent an earlier stage of the same lesion. 
The appearance of the liver cells corresponds 
to that noted by Andersch and Gibson (2) in 
humans and in experimental animals. Neither 
of these lesions resembled in any way that 
supposed to be typical of eclampsia. We feel 
strongly that while all of these patients might 
not have survived, gum acacia was a definitely 
harmful influence. Case 6 is most extra 
ordinary and is being reported in detail by 
M. L. Stone and J. J. Bunim. One cannot 
escape the conclusion that numerous capil- 
laries and small vessels were plugged, thus 
producing ecchymosis and edema. The loca- 
tion of the lesions is a difficult matter to ex- 
plain. The subsequent course terminating in 
death from acute yellow atrophy suggests the 
possibility that gum acacia may have been a 
factor. At the time that this case occurred we 
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strongly suspected acacia as a causative agent 
hut were unable to demonstrate any sensi 
\ivity in the patient. It is noteworthy that in 
all three autopsies, hypoplasia of the heart, 
coronary arteries or aorta was present. Both 
Case 2, with a marked reaction following the 
administration of only too cubic centimeters 
of solution, and Case 6, with marked cutane- 
ous manifestations, suggest that certain in- 
dividuals are more susceptible than others. 
fhe clinical syndrome in the first 5 cases is 
striking, consisting of dyspnea, cyanosis, 
tachycardia, and often pulmonary edema. Its 
appearance puzzled both obstetricians and 
internists. The diagnosis made in Case 4 was 
that of left ventricular failure, a most un- 
satisfactory one in a young woman. 

The effect of gum acacia solutions on blood 
volume and renal excretion is well known. It 
has the property of holding fluids in the blood 
stream and has a more prolonged effect than 
the simpler type of infusions. Little could be 
found on the chemistry of acacia other than 
that it is a polysaccharide. Went in 1928 
stated that he searched the literature in vain 
for chemical analyses of acacia, or for physical 
measurements which could indicate even an 
approximate identity for different samples of 
impure gum. He states that physiological 
experiments utilizing properly made solutions 
of pure gum indicate no sign of toxicity 
whereas control experiments with impure gum 
indicate an invariable and marked toxicity. 
He studied the factors influencing the vis- 
cosity of acacia solutions since a well prepared 
6 per cent solution is supposed to approximate 
the viscosity of plasma. -He found viscosity 
related to the foliowing factors: (1) Concen- 
tration. (2) Changes in hydrogen-ion con- 
centration; viscosity is greatest at hydrogen- 
ion concentration 4.7 to 5.2 (3) Temperature 
increases augment viscosity in all solutions 
examined. Temperature changes in lower 
regions (15°-24° C.) have a greater effect than 
changes in the higher region (24°-36° C). 
(4) Viscosity of 6 per cent solution of un- 
purified acacia is 25 per cent to 35 per cent 
higher than that of purified substance. (5) 
The viscosity of acacia solution does not 
undergo measurable change when salts are 
added in concentration of Ringer’s solution. 
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(6) Under conditions existing in mammals 
(temperature 36° to 38°; 7.2 to 7.4 hydrogen-ion 
concentration and properly balanced sodium 
potassium and calcium salts) the viscosity of 
6 per cent unpurified acacia is 2.8 and of 6 
per cent purified acacia, 2.1. He did not state 
the nature of the “impurity” but it seems 
likely that this is related to the character of 
the colloid suspension rather than to an actual 
contamination. It is to be noted that the 
temperature most affecting viscosity is ap- 
proximately that of our ordinary environ- 
ment. One must also recall that the hydrogen- 
ion concentration of the solution used in the 
first group of cases was 4.8, a concentration 
associated with high viscosity. The extreme 
variety of this quality would seem to have 
some bearing on the behavior of the solution 
in the blood stream. These cases bring up 
two additional questions in regard to acacia. 

The first of these is the question of the dis- 
posal of acacia after it has entered the blood 
stream. 

Bayliss (4) in 1918 stated that it had no 
action except a physical one. It appeared in 
the urine of cats shortly after injection and 
disappeared from the blood in 3 weeks. He 
felt that it was metabolized. Meek and Gosser 
in 1918 observed that it appeared in the urine 
only after large injection. Huffman in 1929 
reported that there was considerable variation 
in the amount recovered from urine and in the 
rate of disappearance. Hartman in 1933 work- 
ing with nephrotic children reported that 35 
per cent was excreted in the urine in 2 days 
and 60 per cent in a week. Andersch and 
Gibson (1) on the other hand found that 
acacia appeared in the urine of rabbits only 
after large amounts had been injected. It 
disappeared from the blood in 3 to 4 days. At 
autopsy 60 per cent was found in the liver, 
smaller amounts being present in the spleen, 
kidneys, and muscle. Peoples and Phatak in 
1935 corroborated the time of disappearance 
from the blood, using a spectroscopic method. 
Andersch and Gibson (2) in 1935 reported a 
full experiment, suggested by the experience 
of the latter in treating nephrosis, on the fate 
of acacia and its excretion in urine and bile, 
using rabbits and dogs. No immediate re- 
actions were noted. Their conclusions are as 
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follows: Only small amounts of acacia are 
excreted in the urine following intravascular 
injection. A large percentage is deposited in 
the liver. In 8 rabbits 50 per cent was found 
in the liver. In 2 dogs 33 and 30 per cent was 
found in the liver. Once deposited in the liver 
it is removed slowly. In 1 rabbit 30 per cent 
was recovered from the liver 3 months after 
injection. Acacia injected into dogs with 
biliary fistulas appeared in bile promptly and 
continued to be excreted slowly. Following 
the injection of acacia the excretion of bile 
acids and bilirubin was diminished and 
bilirubin was replaced in part by a yellow 
pigment the character of which is unknown. 
Histological examination of the livers of rab- 
bits, rat, and dog showed characteristic vacuol- 
ization of liver cells which, coupled with 
changes in the composition of the bile, gives 
evidence of marked liver damage. The Kupfer 
cells were normal. They report two nephrotic 
patients who received gum acacia. One re- 
ceived 72 grams and excreted only 14.6 grams 
over a period of 6 weeks. The second died 
apparently of nephrosis and came to autopsy. 
Forty-three per cent of 46 grams given over a 
period of 10 weeks was recovered from the 
liver. Sections of the liver showed similar 
changes to those noted in the animal experi- 
ments. These findings alone should make one 
hesitant in giving acacia intravenously to 
humans except as a desperate measure. Liver 
lesions were present in all of our autopsies, in 
2 instances the organ being practically 
destroyed and in the third multiple focal 
necroses were present. One feels that it is 
only the tremendous margin of safety pos- 
sessed by the liver, which prevented many 
other cases from giving evidence of this 
process. Certainly there are most definite 
contra-indications to giving this substance to 
pre-eclamptic or eclamptic patients, since it is 
quite likely that these patients already have 
(10) damaged or impaired livers. 

The second question is in regard to the effect 
of acacia on the blood itself. 

Certain interesting observations have been 
made in regard to this. Walker in 1931 noted 
that in a fair proportion of patients who had 
received acacia solution he was unable to doa 
leucocyte count because the red cells did not 
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hemolyze with 1 per cent acetic acid. In these 
cases it was necessary to use one-tenth normal 
hydrochloric acid to accomplish hemolysis. 
In reviewing the charts of patients receiving 
gum acacia infusions at Bellevue it was found 
that leucocyte counts were frequently noted 
as unsatisfactory. No explanation for this 
phenomenon was offered. Christie, Phatak, 
and Olney in 1935, using 15 per cent acacia in 
dogs, found that the carbon dioxide content 
of the blood is decreased. Furthermore in 1 
hour the oxygen content of the cells fell to a 
more marked degree and persisted over 24 
hours. They were unable to increase the 
oxygen content by the aeration of the cells. 
They concluded that gum acacia prevented 
the normal diffusion of gases. These findings 
cast a light on the cases here reported. Such 
a process carried out to an extreme degree 
would result in cyanosis, tachycardia, and 
dyspnea, with the eventual death of the 
patient from anoxemia. 

Certain observations are of interest. Lucia 
and Brown in 1934 noted that acacia solutions 
produced a rapid sedimentation rate, and that 
rouleaux formation was markedly increased. 
Blood taken from those patients was difficult 
to smear. Maytum and McGath in 1932 
noted severe anaphylactic reactions in guinea 
pigs. Hanzlik and Karsner in 1920 found that 
similar symptoms resembling anaphylaxis oc- 
curred in guinea pigs after acacia infusion. At 
autopsy they noted that this differed from 
true anaphylaxis in the presence of emboli, 
thrombi, and the conglutination of corpuscles 
in the pulmonary capillaries. Although such 
findings are yet to be described in humans, 
might not this process produce extensive 
capillary blockage and account for the clinical 
picture noted in Case 6? 

From the foregoing evidence one may state 
that there are many facts reported from 
different sources which show that acacia 
solution is not merely an inert physical agent 
but produces definite effects upon the blood 
and, during excretion, upon the liver. ‘“ Pure” 
6 per cent acacia solution approximates the 
viscosity and osmotic qualities of normal 
plasma. Viscosity, however, is markedly in- 
fluenced by heat, hydrogen-ion concentration, 
and the “impurity” of the solution. Re- 
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actions following the use of acacia solutions 
may be immediate or remote. The immediate 
reaction is much more likely to occur and will 
be more pronounced following the use of ‘‘im- 
pure’ solution. Evidence of such reaction is 
present in the blood even following the use of 
pure” solutions. There may be no clinical 
evidence of its presence. The effect of acacia 
is shown by the resistance of red cells to 
ordinary hemolyzing agents, by the reduced 
oxygen content of red cells and the inability 
io raise the oxygen content by aeration, by the 
rapid sedimentation rate, and by increased 
rouleaux formation. The remote effects de- 
serve further study. They probably depend 
on the fact that acacia is largely removed 
from the blood stream by the liver. Following 
its accumulation in the liver, it is eliminated 
slowly. Liver function has been shown to be 
affected adversely. The whole trend of this 
evidence seems to be that the use of acacia 
solutions is attended with serious danger. 


SUMMARY 

Three cases are reported with a syndrome 
characterized by cyanosis, dyspnea, tachycar- 
dia, and pulmonary edema following the use 
of gum acacia glucose solution intravenously. 
Two of these patients died, and 1 recovered 
and is still living. One patient came to 
autopsy and showed an extensive destructive 
lesion of the liver. The influence of gum acacia 
solution in this group is almost without 
question. Three other cases are reported. In 
2 of these patients a similar syndrome ap- 
peared after the use of gum acacia glucose. 
Both patients died. One autopsy was ob- 
tained and showed a liver lesion similar to 
that noted before but much less advanced. 
The other patient showed extensive sub- 
cutaneous ecchymosis and edema limited 
mainly to the face and neck and occurring 
after the use of gum acacia glucose infusion. 
She died a few weeks later. Autopsy showed 
“acute yellow atrophy” of the liver. The 
influence of gum acacia in the second group of 
cases is not quite as clear but is highly sug- 
gestive. 

Recent experimental work is reviewed 
showing that (1) liver damage is likely to 
follow the intravenous use of acacia; and 
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(2) acacia causes serious disturbances of the 
red cells, interfering with normal gaseous 
interchange, increasing the tendency to rou- 
leaux formation, and causing a rapid sedi- 
mentation rate. Conglutination of red cells 
may occur, producing capillary blockage. 
CONCLUSIONS 

1. The intravenous use of acacia solution 
may be dangerous and may result in serious 
reactions or in death. 

2. While serious reaction is far more likely 
to follow the use of improperly prepared 
(commonly called “‘impure’’) solution, the 
introduction of properly prepared acacia has 
been noted to be followed by deleterious 
changes in the quality and behavior of the 
blood. These changes, taking place to a more 
marked degree with the improperly prepared 
solution, may explain the nature of severe 
immediate reactions. 

3. Hemorrhage and shock can be treated 
more safely by the use of the simpler saline or 
glucose infusions in combination with trans- 
fusion. The possibility for harm is less than 
with acacia solution. The only indication for 
the use of acacia solution intravenously in the 
treatment of shock and hemorrhage is as a last 
resort when transfusion is unavailable. 

4. Even when the use of the solution is 
restricted to this small field, the method of 
preparation and condition of storage should 
be controlled with care. 

5. Acacia solutions produce liver damage in 
experimental animals and in humans. In view 
of this, the findings in the three autopsies re- 
ported are of significance. A special contra- 
indication to its use exists in patients with 
damaged livers such as may be found in the 
toxemias of pregnancy and in other similar 
disorders. 

6. There is evidence that the acacia solu- 
tions may interfere with the gaseous inter- 
changes of the red cells. Carried to a marked 
degree this may produce severe or fatal 
anoxemia. This effect is more likely to occur 
with faulty solutions. 

7. There is evidence that such solutions 
may cause conglutination of the red cells, 
with resultant capillary blockage followed by 
edema and hemorrhage. 
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CLINICAL SURGERY 


‘ FROM THE UNIVERSITY OF CALIFORNIA HOSPITAL 

7 URETERO-INTESTINAL IMPLANTATION BY AN ASEPTIC 
3 METHOD WITH A DIVISIBLE CARRIER 

: \ Modification of the Simple Seven Suture Method with Probe and Cautery 
& KRANK HINMAN, M.D., F.A.C.S., San Francisco, California 


LINICAL trial in 16 patients (12 re- 
ported') and experimental investigation 
in more than two score of dogs” proved 
the simple seven suture method of 

uretero-intestinal implantation, with probe and 
cautery, to have three possible objections: 

First. The contamination of the operative 
wound upon withdrawal of the probe used to 
insert the end of the ureter into the bowel may be 
enough to cause trouble (peri-ureteritis, local 
abscess). 

Second. The lateral orifice (slit in the ureter) 
above the ligated end of the ureter hanging free 
in the bowel may not give as wide an outlet for 
urine as would the orifice at the end. The con- 
tingent stasis and possible interference with 
ureteral peristalsis favor infection. 

Third. Sometimes the submucosal floor on 
which the ureter rests may be left too open and 
unprotected so that a slight mucosal-submucosal 
herniation occurs. In this event, the object of 
the method, namely, that the ureter enter free 
and unobstructed, is defeated. 

The following modification of technique re- 
moves these objections: 

The preparation of the patient for operation 
(the spinal anesthetic’, the abdominal incision, 
the packing off of the intestines, the preparation 
of the flaps of peritoneum, and the isolation of 

The experimental work on dogs, in which Drs. Weyrauch, Fernald, 
ind Peterfy assisted, = | see by the Christine Breon Fund of Hooper 
Foundation for Medical Research will be reported elsewhere. 

Presented before the American Association of Genito-Urinary Surgeons, 
Stockbridge, Massachusetts, May 25-27, 1936. 

A complete review of this subject appears in this issue of International 
Abstract of Surgery and is entitled “A Critical Analysis of all Methods 
of Uretero-Intestinal Anastomosis.” 

‘A simple seven suture method of bilateral uretero-intestinal implan- 
tation; report of 12 cases. Surg., Gynec. & Obst., 1935, 61: 802-815. 

2An experimental study of uretero-intestinal implantation; I. The 
cause of peritonitis. Surg., Gynec. & Obst., 1936, 62: 909-917. 

3A combination of a solution of 2 c.cm. of pantocaine hydrochloride 
20 milligrams) and of 50 milligrams of neocaine is given with the patient 
n the sitting position, maintained for 5 minutes after injection to allow 


the pantocaine, which is heavier than spinal fluid, to gravitate down- 
ward. 


the ureters from beneath these flaps) is carried 
out as has been described previously.! 
Generally, in case of ureters which are normal 
or appear to be so, the left can be implanted first 
at the higher level, to the advantage of surgical 
technique. When one or both ureters are dilated 
the problem may be difficult. The condition of 
the walls of the ureters and the relative renal 
function and potentiality for repair should be 
known before operation. The advisability of pre- 
liminary nephrostomy should have been con- 
sidered in all cases of hydronephrosis of any 
degree. Ureteral catheterization, however, may 
have been impossible and excretory urograms may 
have failed to demonstrate the true condition. 
The decision then must be made at operation. 
Successful implantation of large hydro-ureters, 
the walls of which are as thin as tissue paper, is 
well nigh impossible, though it might be accom- 
plished occasionally by the older technique of 
Coffey-Mayo, with a transintestinal anchoring 
suture. When the dilated ureter has thick walls, 
however, the technical difficulties are diminished. 
Implantation is even easier than with normal 
ureters, and these patients do very well as a rule. 
For these reasons, when one has to decide, at 
operation, upon which side to operate first, 
when one ureter is dilated and the other normal, 
decision should be based on more than the 
theoretical points of counterbalance. Should the 
hydronephrotic side be capable, as proved by 
retention catheter or nephrostomy tube, of carry- 
ing total function at need, the law of renal coun- 
terbalance indicates the advisability of the im- 
plantation of the hydro-ureter first. On the other 
hand, should it have been proved that the hydro- 
nephrosis is incapable of so much repair, there 
need be no hesitation in the implantation of the 
good ureter, with the idea in mind of a hydro- 
nephrectomy later. In this connection, however, 
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Fig. 1. 


The manner in which the three anchoring sutures are placed. a, Suture, 










number 1, passed from left to right through the submucosa, right to left through the 
adventitia, care being used not to enter the lumen of the bowel or ureter. b, Suture, 
number 2, is passed opposite number 1. c, Shows how each suture is placed in the 
submucosa. d, Shows the triangle of submucosa marked off by the three sutures. 





the surgeon must consider also the relative thin- 
ness or thickness of the wall of the hydro-ureter 
in relation to the method of implantation to be 
used, the age and status of the patient, and the 
condition for which implantation is required. It 
would seem to me that implantation of the good 
ureter first is indicated, irrespective of the possi- 
bilities of repair, when the walls of the dilated 
ureter are thin, the patient is old,and the presence 
of cancer is the reason for the operation. 















The ureter chosen for implantation first is 
divided between ligatures as near the bladder as 
possible, or, when dealing with malignancy, as 
near as is safe. The bowel and ureter are then 
manipulated into position and the most favorable 
site for implantation is carefully selected and 
marked by a stay suture at each end of the pro 
posed line of incision. This portion of the bowe! 
is flattened on the fingers by the thumb of the lefi 
hand. A piece of moistened gauze between the 
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gioved hand and bowel greatly aids this pro- 
c dure, and the bowel should be handled gently. 
A clean, straight incision of the serosa and 
muscularis is made down to the submucosa and 
the cut edges are separated by gently spreading 
them with a mosquito clamp or by blunt dissec- 
tien with the handle of the knife. None of the 
blood vessels of the submucosa should be injured, 
and the muscular layers as little as possible by 
the separation. 

he three anchoring sutures. Anchoring sutures 
(of quadruple-o, 20 day chromic gut on atrau- 
matic needles) are laid as is shown in Figure 1. 
These sutures stitch the submucosa of the in- 
testine to the adventitia of the ureter and should 
pierce only these layers. Penetration of the 
lumen of the bowel or ureter may lead to a fecal 
or a urinary fistula. If properly inserted the 
sutures are aseptic. The first two submucosal 
sutures in the bowel are spaced one and one-half 
times the diameter of the ureter (in diastole) and 
in line with the long axis of the ureter, for reasons 
which are illustrated in Figure 2. The loop of 
each is held out about 2 inches in mosquito clamps 
fitted with rubber guards. Traction on these 
loops later mobilizes the place for puncture of 
the intestinal wall and for insertion afterward of 
the end of the ureter through this orifice. Usually 
these two submucosal sutures are placed in the 
lower end of the intestinal incision, in an area free 
from blood vessels, to avoid the complication of 
bleeding from their puncture by the needle. All 
three anchoring sutures can be placed in the 
submucosa to advantage immediately after the 
muscular layers have been separated, while the 
bowel is still held on the fingers with the thumb 
of the left hand. 

The bowel is now released by the left hand and 
allowed to resume its usual position so that the 
ureter, which during this time has become dis- 
tended with urine, can be laid over the line of 
incision and the proper level for the suturing of 
the adventitia can be more easily and accurately 
determined. The ureter should enter, by the most 
direct and natural route, to that distance in the 
bowel at which it neither pulls because it is in 
too far, nor angulates because it is not in far 
enough. 

The proper distance to which it is to be inserted 
having been chosen, the ureter is flattened on the 
fingers of the left hand by the thumb, and the 
needle, which was left on the first submucosal 
suture, pierces the adventitia of the ureter at the 
proper level, in the reverse direction but equal 
in length to that already taken in the submucosa. 
The needle of the second submucosal suture is 
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Fig. 2. The reasons for care in placing the anchoring 
sutures. A. The right method. B, The wrong method, a 
transverse suture. B’, When tied, the transverse suture 
might constrict the ureter. C. The first and second sutures 
should be placed in the submucosa a distance apart of 
1% times the diameter of the ureter so that when tied the 
ureter fits snugly, as shown in C’, and not loosely when 
the sutures are too far apart, as shown in D and D’, nor 
too tightly when too close, as shown in E and FE’. 


placed similarly in the opposite side of the ureter 
It is important to place these sutures in the 
ureter so that when tied they will not cause the 
ureter to be twisted to one side or the other. 
Gentle traction, by an assistant, on the loop of 
the first stitch in the adventitia helps in the more 
accurate insertion of the second needle at the 
same level and exactly opposite. The ends of 
each suture are held together in a clamp and the 
needles are cut away. The third suture is laid. 
This is intended to sew the ridge of the sub- 
mucosa, below the opening to be made in it, to 
the upper wall of the ureter which will come into 
apposition with the submucosa just above its 
entrance into the lumen of the bowel (Fig. 3). 
When these three sutures are tied, they will seal 
the orifice aseptically and without constriction. 
Up to this stage of the operation, contamination 
from contents of the bowel or ureter has been 
impossible. 

Insertion of the ureter. ‘The maaner of inserting 
the ureter into the bowel—to be described 
avoids the contamination of the immediate area 
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Fig. 3. Diagrammatic representation of the manner in 
which the ureter is anchored in the wall of the intestine 
by the five sutures. a, Shows how the sutures, numbers 
1, 2 and 3, anchor the ureter snugly in the small opening 
through the submucosa and mucosa made by the cautery 
and illustrates the reason this slit should not be too large 
but of a size, as indicated by the dotted circle, equal to 
the diameter of the ureter; b, represents the unconstricted 
anastomosis which is secured; and c, shows how the 
fourth and fifth sutures anchor the ureter in the trough of 
the incision. 


which sometimes occurred in the older method 
when the probe was withdrawn (Fig. 4). In 
addition, the newer method has the advantage 
of leaving the end of the ureter open so that urine 
does not have to drain through a slit in the side 
of the ureter until such time as this floating 
portion sloughs away. These were the two objec- 
tionable features in the previous technique. 

The instrument for inserting the ureter in this 
manner has three parts (Fig. 5), namely, the 
cutting stylet, a; the handle, 5; and the end-piece, 
c, which, when assembled, form a stiff carrier 
(Fig. 6). The end of the ureter from 2 to 4 
centimeters beyond the line of anchoring sutures, 
according to the excess length of ureter available, 
is tied to the back of the carrier opposite the cup 
with No. 2 plain catgut so that the ligature lies in 
the cup and will be cut when the stylet is with- 
drawn (Fig. 7, A). The excess length of ureter is 
removed by an oblique division with the cautery 


Fig. 4. The method of inserting the ureter with the 
probe through the opening into the bowel made by the 
cautery. After the ureter is inserted, the mosquito clamps 
with rubber guards, which are not shown in the jllus- 
trations, on the loops of sutures 7, 2 and 3, are withdrawn 
and these sutures are drawn taut and tied, thus anchoring 
the ureter in position, as shown in Figure 3. 


as close to the suture as possible, or, if cut, the 
end is treated with carbolic acid and alcohol. 
The end of the ureter thus fastened to the end- 
piece of the carrier is now ready for insertion. 
The area of submucosa to be punctured is 
mobilized by traction on the submucosal loops, 
the incision is made and the carrier, with the 
ureter fastened to it, is inserted through this 
into the lumen of the bowel in the same manner 
as by the method with the probe and cautery, 
using the carrier in place of a probe (Fig. 4 and 
Fig. 7, B). The three anchoring sutures are drawn 
close but not tied. Gentle traction on them holds 
the ureter in place until after the carrier has been 
removed, when they are tied. Holding the handle 
of the carrier firmly with one hand, the cutting 
stylet is withdrawn with the other and one feels, 
with the first pull, the division of the ligature 
(Fig. 7, C). The end of the carrier is felt now to be 
entirely free of the ureter. The cutting stylet is 
kept at this point for a moment and the instru- 
ment is pushed on in until the visible portion of 
the end-piece is seen to be just outside the level 
of the submucosa; then the cutting stylet is 
withdrawn into the holder, which at once releases 
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Ureteral carrier (divided). Note: In order to 
frec the end piece, c, the cutting stylet, a, must be fully 
wi! hdrawn into the handle, b. It has been pushed out sub- 
se,uently in this picture in order to show the knife. 


Vig. 5. 





x. 

a 0 Knife 
ig. 6. Ureteral carrier (assembled). a, Cutting stylet. 

b, Handle. c, End, piece with cup in which is tied the 

catgut suture which is to be cut. The stylet is partially 

witidrawn showing the knife. 


the holding joint between it and the end-piece. 
The end-piece drops off into the bowel, the stylet 
with the holder (which never should be allowed 
to reach the submucosa) is laid aside, and the 
anchoring sutures are tied. When the procedure 
has been carried out properly, there can have 
been no contamination of the intestinal wound. 
Any contamination that occurs comes from leak- 
age at the time of tying the anchoring sutures, or 
afterward. This emphasizes the importance of the 
preparation of the bowel by the prolonged non- 
residue diet and the series of enemas beforehand 
with thorough syphoning off of the last one, and 
of careful attention to placing the anchoring 
sutures at the operation. They must stitch the 
intestinal submucosal and ureteral adventitial 
layers only, in order to avoid the formation of a 
fistula. They must be spaced properly in the sub- 
mucosa and symmetrically opposite on the ureter 
so that, when they are tied, a snug implantation 
without looseness or constriction is secured, in 
order to prevent leakage and avert urinary ob- 
struction afterward. Also the puncture wound of 
the submucosa must be of sufficient size, but not 
too large. 

In order to prevent any possible herniation 
(which occasionally occurred experimentally at 
the place where the ureter penetrates the submu- 
cosa), the muscular coats should be joined over 
the ureter to the point of its entrance into the 
muscular channel. These sutures must be tied 
loosely so that they will not slough through and 
so that the ureter will not be constricted by 
them. If the incision of the bowel has been made 
in alinement with the ureter, both sutures 4 
and 5 may be omitted, since the ureter will lie 
naturally in the channel. If the incision has 
not been made in alinement, however, there may 
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Portion of ureter inside of 
recto-sigmoid 


Portion of carrier 
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Fig. 7. Illustrates the use of a divisible carrier for 
insertion of the end of the ureter into the lumen of the 
bowel. A, The end of the ureter is being ligated to the 
fenestration in the ureteral carrier. B, The end of the 
ureter, ligated to the fenestration in the ureteral carrier, 
has been introduced through an opening previously made 
with the cautery. The sutures, 1, 2 and 3, penetrating the 
submucosa of the rectosigmoid as well as the adventitia of 
the ureter are tightened so as to hold the ureter in place. 
C, The knife of the ureteral carrier dividing the ligature 
which frees the end of the ureter and the end of the carrier 
within the lumen of the bowel. D, The end-piece of the 
ureteral carrier freed within the rectum, when the stylet 
is withdrawn into the handle. The remaining portion of 
the instrument has not been contaminated. The anchoring 
sutures 7, 2, and 3, are drawn taut and tied, sealing the 
opening in the mucosa and submucosa. 


be some tendency for the ureter to escape to one 
side or the other off the line and a suture will be 
required on the side opposite to this in order to 
hold the ureter in the submucosal channel (Fig. 
8, €h 

The remaining steps (peritonization and closure 
without drainage) are completed as has been 
described before. 

The end-piece of the carrier, which has dis- 
lodged into the intestinal lumen, comes away with 
the first movement or the second movement of the 
bowels. However, it can also be removed by the use 
of a proctoscope. 
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Fig. 8. Specimen after removal in one piece of the bladder, prostate, and seminal 
vesicles. a, Posterior view (unopened). b, Anterior view (open). 





Fig. 9. Excretory urogram 7 months after opera- Fig. 10. Patient 7 
tion. months after operation. 
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SUMMARY 


A simple aseptic method of submucosal im- 
jlantation of ureter into the rectosigmoid is 
lescribed. 

The procedure can be done aseptically without 
risk of contamination or peritonitis provided the 
jowel has been prepared properly beforehand 
ind the anchoring sutures are placed successfully 
at the time. 

By this method leakage after operation (the 
ordinary cause of postoperative peritonitis) and 
undue constriction or twisting of the ureter (the 
ordinary causes of postoperative pyelonephritis 
and hydronephrosis) are minimized. 

There still remains the uncertain and un- 
known factor of ascending infection by way of 
the peri-ureteral lymphatics or the ureteral 
lumen whenever the ureter opens into an infected 
area. 


REPORT OF A CASE 


Bilateral ureteral implantation by the aseptic method 
with divisible carrier and subsequent prostatoseminal 
vesiculocystectomy for cancer of the bladder. 

The patient is a 54-year old white male who entered the 
hospital on September 26, 1935, complaining of painless 
hematuria of 4 months’ duration. There had been a 10 
pound weight loss during this period. During this time 
he had received extensive fulgurations of his bladder with- 
out any amelioration of his symptoms. His past and 
family histories were negative. On admission to the hos- 
pital physical examination was entirely negative except 
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for marked pallor. Examination of the blood showed a 
secondary anemia of 47 per cent hemoglobin with 3,170,000 
red blood cells. Cystoscopy revealed an extensive car- 
cinoma of the bladder which on biopsy proved to be a 
papillary carcinoma. Intravenous urograms showed a 
normal bilateral upper urinary tract except for a double 
left renal pelvis. Phenolsulphonphthalein renal excretion 
and blood determinations were normal. Following multiple 
blood transfusions, the patient was considered a satisfac- 
tory risk for operation and on October 31 the left ureter 
was implanted into the rectosigmoid by the simple seven 
suture technique, the anesthetic being spinal, gas, and 
oxygen. Following a slight rise of temperature to 38 
degrees for 5 days postoperative the patient made an un 
eventful recovery and following further blood trans- 
fusions he was again submitted to operation on December 
20. At this time the right ureter was implanted into the 
rectosigmoid by the simple seven suture method and a 
complete cystoseminalvesiculoprostatectomy performed.! 
(Fig. 8, a, b.) Again the anesthetic was spinal, gas, and 
oxygen. The patient recovered rapidly from operation, 
running a slight rise of temperature again to 38 degrees 
for about 8 days and was discharged from the hospital on 
December 23, 13 days following the second operation. 
During the postoperative rise of temperature on each 
occasion, bilateral tenderness was noted over each kidney 
which was .most marked on the left. Following each 
operation there was a rise in blood urea nitrogen to 60 
milligrams per 100 cubic centimeters which had returned 
to normal, 28 milligrams, before his discharge. Excretory 
urograms 7 months following operation (Fig. 9) show a 
very mild dilatation of the upper urinary tract on either 
side. The patient has gained weight and enjoys perfect 
health (Fig. 10.) He empties the rectum of urine four 
times during the day and perhaps once at night and is 
able to pursue his usual work without any discomfort. 


1 Surg., Gynec. & Obst., 1935, 61: 802-815 





lig. 4. 

Fig. 1. Line of incision on back of hand showing the 
sutures through the distal portion of the fingers immobiliz- 
ing the hand. 1, Dorsal flap; 2, longitudinal flap. 

Fig. 2. Palmar view showing line of incision. 2, Longi- 
tudinal flap. 

Fig. 3. Palmar view showing approximation of dorsal 
flap, 1, longitudinal flap, 2; and Ollier-Thiersch grafts in 
place, 3 and 4. 

Fig. 4. Case 11268. Above, syndactylism before repair. 
Below, photograph taken in 1936 showing results of two 


Fig. 5. 

different types of repair. The left hand was operated upon 
in 1935 at which time the fingers were separated and the 
medial raw surfaces were covered with Ollier-Thiersch 
grafts. The right hand was repaired 1 month before the 
picture was taken by the modified Agnew operation. The 
advantage of the dorsal flap to form a cleft between the 
fingers is evident. 

Fig. 5. Case 14264. Above, syndactylism before repair, 
and,Qbelow, 6 jweeks after the modified Agnew operation 
hadfbeen carried out. 


A Modified Agnew’s Operation for Syndactylism.—H. D. Cogswell and H. M. Trusler. 




















A MODIFIED AGNEW’S OPERATION FOR SYNDACTYLISM 





H. D. COGSWELL, M.D., and H. M. TRUSLER, M.D., Indianapolis, Indiana 


N CONSULTING surgical textbooks, 
the most commonly advised operation 
for syndactylism is the method of 
Didot. This operation is done by 

making a longitudinal incision along the volar 
surface of one of the fused fingers and along the 
dorsum of the other, forming flaps which are 
wrapped around the finger to which they are 
attached. This operation is not satisfactory as 
further plastic work is usually needed to form a 
suitable cleft between the fingers. The tension of 
the skin which is necessary for approximation by 
this method will often cause poor healing or gan- 
grene, and the danger of dividing the nutrient 
artery of the finger is always present. Babcock! 
states that this method should never be used 
when the amount of soft tissues is limited, and in 
most cases of syndactylism this scarcity exists. 
Agnew’s operation, in which a dorsal flap is 
made and used to form the apex of the cleft, is 
very satisfactory in preventing refusion at the 
proximal portion of the web. By combining this 
procedure with skin grafting and the forming of 
small longitudinal flaps on one of the fingers, the 
results have been pleasing in obtaining a normal 
appearing and functionally good hand. 


OPERATIVE PROCEDURE 


A rectangular flap is cut on the dorsum of the 
syndactylism so that its medial portion corre- 
sponds to the division point between the fingers 
(Fig. 1). The distal portion of the flap should be 
made high enough so that when the fingers are 
separated, it can be sutured in the cleft and 
attached to the normal skin of the opposite side 
of the hand. If the flap extends just below the 
first phalangeal joint, it will be found that its 
length will be ample. A longitudinal incision is 
then made to one side of the midline of the fingers 
posteriorly (Fig. 1). This is continued over to the 
palmar surface, and is extended down even with 
the metacarpal phalangeal joint (Fig. 2). The 
flaps are then freed, and the fingers separated. 
All redundant fat should be cut away from the 
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flaps giving them only skin thickness. If a bony 
fusion exists between the fingers, this should be 
separated, and the remaining exostosis removed 
with a rongeur or bone file. As most bleeding can 
be controlled by sponges and pressure, it is seldom 
necessary to tie bleeders, and the less catgut used 
the more certain of good healing the operator can 
be. If a suture is placed through the distal ends 
of the fingers and held by the assistant, they can 
be immobilized while the skin is approximated, 
and grafts applied. The dorsal flap is drawn for- 
ward between the fingers and sutured to the pal- 
mar surface with fine black silk. The longitudinal 
flaps are approximated over the finger to which 
they are attached with a continuous suture 
(Fig. 3).. This leaves a raw surface on both fin- 
gers, in the one at the base below the longitudinal 
flaps and in the other the entire medial aspect. 
These surfaces are covered by Ollier-Thiersch 
grafts which are usually obtained from the an- 
terior aspect of the thigh. They are held in posi- 
tion by a continuous suture of black silk. 

The fingers are then dressed by applying wet 
packs of normal saline between them. These 
give adequate pressure to the flaps and grafts to 
occlude all dead space and will absorb all serous 
and sanguineous drainage. The hand is immobil- 
ized by a splint with the fingers in slight exten- 
sion. The sutures are removed after 10 days, and 
active motion is started. Olive oil or cocoa but- 
ter massages aid in softening the tissues, allow 
early flexibility of the fingers, and should be insti- 
tuted as soon as the grafts are completely healed. 
The fingers should remain extended in a splint 
during the sleeping hours for at least 4 weeks to 
prevent flexion of the fingers. 


SUMMARY 


A modification of Agnew’s operation is pre- 
sented for the treatment of syndactylism. This 
procedure has given good results preventing 
re-fusing of the web, avoiding a tense skin sur- 
rounding the fingers, and is easily accomplished 
in one stage. 


The authors wish to thank Mr. J. Glore and Mr. H. 
Solinger for the illustrations. 








ARTHRODESIS OF THE FOOT IN INFANTILE PARALYSIS 


VERNON L. HART, M.D., F.A.C.S., Minneapolis, Minnesota 


URGICAL attempts to correct deformity 
and instability of the foot resulting from 
infantile paralysis were made prior to the 
advent of aseptic surgery. However, me- 

chanical apparatus was the pre-eminent treatment 
until the second decade of the present century. 
Today, certain standard surgical procedures make 
it possible for numerous patients with residual 
paralyses of anterior poliomyelitis to walk with- 
out deformity and the aid of braces. Many surgi- 
cal methods and varying techniques have been 
approved but common to all are the fundamental 
principles of realinement of the segments of 
the foot, bone balance, muscle balance, and sta- 
bilization. The object of this paper is to review 
the history of the stabilizing operations which 
have been devised for the treatment of paralytic 
talipes and to consider certain important ana- 
tomical and clinical aspects relative to them. 

The main reason for surgical treatment of para- 
lytic talipes is to obtain locomotion without de- 
formity and without mechanical support. Para- 
lytic feet vary greatly in degree both in the 
amount of paralysis present and in the amount of 
functional disability. A paralyzed foot does not 
always require surgical attention since, from a 
functional standpoint, it may be as serviceable or 
even more so before than after a stabilizing pro- 
cedure. 

Skeletal operations should not be advised, re- 
gardless of the length of time since the incidence 
of the paralysis, until the paralyzed muscles have 
been given adequate postural treatment. This 
rule may occasionally be disregarded and par- 
ticularly with paralysis of the gastrocnemius and 
soleus muscles and in talipes with adaptive and 
structural changes of osseous, ligamentous, and 
articular structures. Paralysis may be only ap- 
parent and frequently, with relaxation and rest, 
restoration of muscle function will be observed. 
Sir Robert Jones related the case of a boy whose 
knee had been arthrodesed because of paralysis 
of the quadriceps extensor. The paralysis had 
lasted 3 years before the operation was performed. 
The arthrodesis failed but the profoundly interest- 
ing fact was that the quadriceps, so long rested, 
had recovered and the knee could be easily and 
strongly extended. The surgeon should be con- 
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vinced that the deformity is a permanent one and 
not due to temporarily paralyzed muscles. 

In general, skeletal procedures should not be 
advised before the age of 7 or 8 years. Radio- 
graphic studies to determine the development of 
the centers of ossification of the tarsal bones of the 
affected foot often aid in deciding when an ar- 
throdesing operation may be done. During the 
phase of spontaneous recovery, a period from 6 
months to 2 years following the acute attack of 
infantile paralysis, skeletal operations and tendon 
transplantations are contra-indicated. Restora- 
tion of muscle function, physiological rest, and 
prevention of deformities are the important meas- 
ures of treatment during the phase of spontaneous 
recovery. During this period, if deformity has 
developed, the surgical methods which may be 
indicated are gradual mechanical stretching, cor- 
rective manipulations, tenotomy, and fasciotomy. 

Deformities of the feet outnumber by far all 
other types of deformity resulting from anterior 
poliomyelitis. Talipes equinus with or without 
varus and valgus deformities is the most common 
of all the paralytic talipes, while the frequency of 
valgus, varus, and calcaneus occur in the order 
named. Of the muscles controlling the foot the 
tibialis anticus is the one generally paralyzed. 
According to Henderson and Mitchell the order 
of frequency of paralysis of the remaining muscles 
of the foot is tibialis posticus, gastrocnemius, ex 
tensor longus digitorum, and the peroneals. Par- 
tial paralysis of each individual muscle is more 
common than total paralysis. The flexor digi- 
torum brevis is rarely completely paralyzed. Fre- 
quently one observes that the toes may be flexed 
although the foot is flail. 

A conception of the efficiency of the mechanism 
of the human foot and the disabilities of a para- 
lyzed foot is not complete without a knowledge of 
the evolutionary history as well as the anatomy 
and physiology. The foot has developed from a 
prehensile, grasping organ accommodating ar- 
boreal life to a purely supportive one required by 
the terrestrial life of the human individual. The 
grasping foot of our arboreal ancestor was used for 
rapid movements among branches and limbs. 
With the increase in size and weight and the 
change to terrestrial living which required pro- 
longed weight bearing and walking, a gradual 
structural evolution resulted from the change in 
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Fig. 1. 


Fig. 1. The 3 segments of the foot: J, leg, ankle joint, 
and astragalus; //, the hindfoot or os calcis; J//, the fore- 
foot, including the tarsal bones and joints distal to the mid- 
tarsal joint, the metatarsus and the tarsometatarsal joints 
and digits. The 3 segments are separated by the sub- 
astragalar and the calcaneocuboid joints. 

Fig. 2. The astragalus is the only bone of the foot which 
has direct anatomical relationship with leg, hindfoot, and 


function according to Wolff’s law, that “charac- 
teristic function and distinctive structure go hand 
in hand.” The evolution of the longitudinal arch, 
the digits, the metatarsals, adaption of the heel for 
weight bearing, development of the “humanoid 
line of leverage,’ and muscular and ligamentous 
adaptive changes are all interesting and important 
evolutionary developments. The reader is re- 
ferred to the classical contributions by Huxley, 
Keith, and Morton for detailed discussions of the 
history of the human foot. 


CLINICAL ANATOMY AND PHYSIOLOGY 


Any clinical or surgical consideration of para- 
lytic talipes must include the structures from the 
knee down. The weight bearing lines, compara- 
tive length and the integrity of the neuromuscu- 
lar, vascular, osseous, fascial, and articular sys- 
tems are aspects requiring detailed studies. The 


FA lk 
AS 


’ 
= 














Fig. 2. Fig. 3. 


forefoot. The astragalus is the only tarsal bone which 
transmits the entire body weight. The astragalus is the 
only tarsal bone which has no muscles inserted into it. 

Fig. 3. A continuation of the midlongitudinal axis of the 
shaft of the tibia bisects the body of the astragalus. There 
is no lateral motion of the body of the astragalus in the 
mortise of the ankle joint except when in extreme plantar 
flexion. 


leg and foot may be divided anatomically and 
functionally into 3 segments (Fig. 1); the first 
of which includes the leg, ankle joint, and 
astragalus; the second segment corresponds to the 
hindfoot or os calcis; and the third involves the 
forefoot or the structures distal to the midtarsal 
joint. Deformity and instability may be limited 
to 1 segment or all 3 segments may enter into the 
disability. The reconstructive program should 
not be planned until the integrity of the 3 seg- 
ments, individually and collectively, has been 
thoroughly investigated. 

The normal human foot is constructed for the 
purpose of weight bearing and locomotion. When 
an individual is standing at rest the foot is sub- 
jected to a static pressure and, when moving, the 
foot is subjected to a greater pressure, which is 
dynamic in character. The static pressure is 
borne principally by the ligamentous and osseous 
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Fig. 4. Fig. 

Fig. 4. Diagram from Whitman which shows the dis- 

parity between the longitudinal axis of the tibia which 

bisects the body of the astragalus and the longitudinal axis 
through the os calcis. 

Fig. 5. The portion of the foot anterior to the center of 





Fig. 6. 
gravity is longer and heavier than the portion posterior 
to it. 
Fig. 6. The astragalus is the only tarsal bone which 
transmits the entire body weight. From the astragalus the 
weight bearing lines are dispersed to forefoot and hindfoot. 














Fig. 7. The space between the two arrows indicates the 
gap between the hindfoot and forefoot, medially. The 
calcaneoscaphoid or spring ligament bridges the space and 
supports the head and neck of the astragalus. 


architecture while the dynamic pressure is de- 
pendent chiefly on the defensive and automatic 
neuromuscular mechanism of the individual. 
The foot is arranged in the form of an arch with 
a keystone and 2 pillars, a posterior pillar and a 
longer anterior pillar. The body of the astragalus 
is the keystone. The astragalus (Fig. 2) is re- 
markable in that no tendons are attached to it and 
it is the only tarsal bone which transmits the en- 
tire body weight. It is also the only tarsal bone 
which is in direct anatomical relationship with 
each of the 3 segments of the foot. It enters 
into the formation of the most important joints 
of the foot, the tibiotarsal or ankle joint and 
the calcaneo-astragaloid and calcaneo-astragalo- 
scaphoid articulations or subastragalar joint. Its 
anchorage within the malleolar fork is extremely 
secure and normally there is no lateral movement 
of the body of the astragalus in the mortise of the 
ankle except in extreme plantar flexion. A con- 
tinuation of the midlongitudinal axis of the shaft 
of the tibia bisects the body of the astragalus in 
both the anteroposterior and the lateral planes 
(Fig. 3). The disparity between the longitudinal 
axis through the tibia and astragalus and the 
longitudinal axis through the os calcis is of con- 
siderable importance in the production of prona- 
tion (Fig. 4). The posterior pillar or hindfoot 
consists of a single large bone, the os calcis, and is 
structurally constructed for the static function of 
stability. The larger anterior pillar or forefoot 
includes a multiplicity of small bones and joints 
and is structurally and functionally arranged for 
the dynamic purpose of mobility. Gravity places 
the non-weight bearing completely paralyzed foot 
in the position of plantar flexion because the por- 
tion of the foot anterior to the center of gravity is 
longer and heavier than the segment of the foot 
posterior to it (Fig. 5). The body weight is di- 
rected in two directions from the astragalus, 
downward and backward through the hindfoot 
or posterior pillar and downward and forward 
through the forefoot or anterior pillar (Fig. 6). 
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Fig. 8. Roentgenograms of the ankle of a to year old 
girl with paralytic club foot and lateral instability of the 
body of the astragalus within the mortise of the ankle 
joint. a, left, Indicates position of astragalus when the 


foot is adducted. b, Shows the foot abducted. 
shift in the position of the astragalus (Lange). 


Note the 


When standing at rest the greater part of the 
body weight should be directed to the os calcis or 
hindfoot as static pressure. The heel of the mod- 
ern shoe, however, alters the distribution of body 
weight and places more of the static pressure on 
the forefoot. 

The muscles of the leg which insert into the 
hindfooi or posterior pillar are the gastrocnemius, 
soleus, and plantaris. There are no muscle or 
tendon insertions into the keystone or astragalus. 
The remaining muscles of the leg controlling the 
tarsus, metatarsus, and digits are inserted into the 
forefoot or anterior pillar in front of the midtarsal 
articulation. The intrinsic muscles of the foot 
have their osseous origins from the hindfoot and 
their insertions into the forefoot. They have no 
direct anatomical attachments to the astragalus. 
These facts explain why deformities of the para- 
lytic foot develop primarily in the pillars of the 
foot and not in the astragalus. Deformities of the 
astragalus are secondary to a disturbance of the 
mechanics of the pillars of the foot and to altera- 
tions of weight bearing forces. 

The importance of the inferior caleaneoscaphoid 
or spring ligament (Fig. 7) as a weight bearing 
structure merits emphasis. Laterally, hindfoot 
and forefoot are in direct contact with one another 
at the calcaneocuboid articulation, and this region 
comes in direct contact with the ground upon 
weight bearing. Medially, a gap exists between 
hindfoot and forefoot and it is bridged by the 
spring ligament which serves as a hammock or 
sling for support of the head and neck of the 
astragalus. The arch of the foot is highest at this 
point and the strain on the spring ligament in- 
creases as the foot is externally rotated or everted 
and as the weight bearing line is shifted medially. 

















HART: ARTHRODESIS OF THE 


Talus (astragalus) 


Os naviculare 


Os cuboideum 


Calcaneus 


a 

Fig. 9. a, Dissection of the subastragalar joint (1-7’, 
2-2’, 3-3’, 4-4’, 5-5’) and calcaneocuboid joint (6-6’). All 
ligaments, except the interosseous talocalcaneal ligament 
and the plantar calcaneonavicular or spring ligament (3’), 
nerves, vessels, muscles, and tendons have been excluded. 
Dr. G. G. Davis stated that, ‘This subastragloid joint is 
composed above by the astragalus, below by the scaphoid 
and inferior calcaneoscaphoid ligament anteriorly and the 
calcaneum posteriorly.” The subastragalar joint includes 
2 separate and distinct anatomical articulations—the 
talocalcaneal or calcaneo-astragaloid articulation (7-7’) 
and the talocalcaneonavicular or calcaneo-astragalo- 
scaphoid articulation (2-2’, 3-3’, 4-4’, 5-5’). The subas- 


The long and short plantar or long and short cal- 
caneocuboid ligaments and the plantar fascia are 
important fibrous structures which join the fore- 
foot and hindfoot like the string of a bow. They 
play a definite rdle in both production and correc- 
tion of various cavus deformities. 

Movements of the lower leg take place within 
and between the 3 segments of the foot. The 
ankle joint is within the first segment which is 
divided from the second and third segments by 
the subastragalar joint. The third segment or 
forefoot is separated from the first and second seg- 
ments by the midtarsal or astragaloscaphoid and 
calcaneocuboid articulations, respectively. The 
scaphoid-cuneiform and the tarsometatarsal joints 
are within the third segment or forefoot. The 
integrity of each articulation should be thor- 
oughly studied preliminary to any surgical pro- 
cedure. 

Plantar flexion and dorsal flexion are normal 
motions in the ankle joint. Any lateral play of 


FOOT IN 


Ligamentum talocalcancum interosseumt 





INFANTILE PARALYSIS 


797 








tragalar and calcaneocuboid joints form the physiological 
unit involved in lateral movements and deformities of the 
foot. Arthrodesis of the entire physiological unit is termed 
a “triple” arthrodesis because it includes 3 distinct ana- 
tomical articular entities. The 2 anatomical entities of the 
subastragalar articulation are completely separated by the 
interosseous talocalcaneal ligament. The plantar calcaneo- 
navicular or spring ligament (3’) is an integral part of the 
talocalcaneonavicular portion of the subastragalar joint. 
b, The subastragalar joint includes 2 separate and dis- 
tinct articulations: the calcaneo-astragaloid and the cal- 
caneo-astragaloscaphoid. They are separated by the cal- 
caneo-astragaloid or interosseous ligament. 


the body of the astragalus in the mortise of the 
ankle joint except in extreme plantar flexion is a 
measure of instability. Pathological lateral mo- 
bility is secondary to deformities of the 2 pillars 
of the foot resulting from muscle imbalance and 
alteration of normal weight bearing lines. Relaxa- 
tion of the lateral ligaments of the ankle and defi- 
nite adaptive changes in the osseous architecture 
and articular cartilage of the insecure astragalus 
are associated pathological findings. Failure to 
recognize lateral instability of the astragalus pre- 
liminary to surgical treatment may explain recur- 
rence of deformity. Anteroposterior radiographic 
studies of the ankle joint with the foot in abduc- 
tion and in adduction (Fig. 8) are helpful. Nor- 
mally, the body of the astragalus should not shift 
its position in relation to the ankle joint mortise. 
The degree of instability is difficult to determine 
by manual examination. Willard, Soule, Gold- 
thwait, Steindler, Gill, and Lange have empha- 
sized the importance of determining the presence 
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or absence of pathological lateral ankle joint mo- 
tion, the presence of which may indicate a type of 
operation which arthrodeses the ankle joint. 

Lateral movements of the foot take place within 
the subastragalar and calcaneocuboid articula- 
tions. Supination and pronation occur on a hori- 
zontal, while inversion or internal rotation and 
eversion or external rotation take place about a 
vertical, axis. Adduction and abduction are lat- 
eral movements of the forefoot and functions of 
the astragaloscaphoid and calcaneocuboid articu- 
lations, the midtarsal or Chopart’s joint. Moder- 
ate plantar flexion, dorsal flexion, and rotation of 
the forefoot are also normal functions of the mid- 
tarsal joint. Considerable mobility may be de- 
veloped within the articulations of the forefoot as 
evidenced occasionally following a panastragaloid 
and calcaneocuboid arthrodesis. Lateral move- 
ments of the normal foot are brought into play 
particularly when the individual is walking upon 
a rough and uneven surface. For all practical 
purposes adduction, inversion, and supination are 
synonymous terms, as are abduction, eversion, 
and pronation, since motions of the foot around 
the longitudinal and perpendicular axes do not 
occur independently but are combined. 

The midtarsal or Chopart’s joint includes the 
astragaloscaphoid and calcaneocuboid articula- 
tions. They do not communicate with each other. 
The astragaloscaphoid articulation is, in fact, a 
part of the subastragalar joint while the calcaneo- 
cuboid joint has its own distinct synovial lining. 
They are practically in the same transverse plane 
and form the anatomical division between hind- 
foot and forefoot. The cuneoscaphoid and tarso- 
metatarsal articulations are of less importance 
than the calcaneo-astragaloid and midtarsal joints. 
However, when deformity is present within the 
forefoot they then assume great importance. 

The surgical term, subastragalar or subas- 
tragaloid joint (Fig. 9, a and b), includes two dis- 
tinct articulations; the calcaneo-astragaloid and 
the calcaneo-astragaloscaphoid. The two articula- 
tions are separated by the interosseous astragalo- 
calcaneal ligament and each joint has a synovial 
stratum which is distinct from other tarsal syno- 
vial cavities. The plantar calcaneoscaphoid or 
spring ligament articulates with a triangular facet 
on the plantar surface of the head of the astraga- 
lus. It forms a definite part of the articular mech- 
anism of the calcaneo-astragaloscaphoid portion 
of the subastragalar joint. Davis stated: “ Begin- 
ning with the foot we find that it possesses two 
main motions,—first, a lateral motion between 
the astragalus above and the calcaneum, inferior 
calcaneoscaphoid ligament and scaphoid bone be- 
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low. This articulation I call the subastragaloid 
joint. The other motion of the foot is an antero- 
posterior one and occurs in the ankle joint.”’ The 
term, subastragalar joint, has been used rather 
loosely in surgical literature, and the writer be- 
lieves that the profession should accept Davis’ 
definition as just stated. 

A detailed examination of residual function of 
the muscles of the affected foot should be made 
and recorded preliminary to any surgical proce- 
dure. The degree of paralysis of each individual 
muscle, the presence of contractures and deform- 
ing factors of active muscles are problems which 
require careful study before the proper type of 
stabilizing operation can be determined. Con- 
tracture of an active and unopposed tibialis posti- 
cus muscle is a common cause of recurrence of 
varus deformity. The deforming factor of an 
active and unopposed muscle must be eliminated 
either by means of transplaniation or excision of 
a segment of its tendon in order to obtain a state 
of muscle balance following a stabilizing opera- 
tion. The integrity of the muscles controlling the 
knee of the affected extremity should be studied 
before stabilizing the foot. A mild equinus de- 
formity may be beneficial, if the quadriceps fe- 
moris is partially or totally paralyzed, since it 
tends to produce a back knee which enhances 
stability of the extremity. 

A careful study of weight bearing lines of the 
affected extremity should be made preliminary to 
surgical treatment. Genu varum, valgum, recur- 
vatum, and rotational deformities may require 
correction either before or after skeletal fixation of 
the foot. External rotation of the foot and leg in 
relation to the knee joint is a common observa- 
tion. If this deformity is present and not cor- 
rected by osteotomy of the tibia at the time of 
the stabilizing operation, then, the same deform- 
ity should be present following the application of 
the postoperative plaster-of-Paris cast. Failure 
to recognize rotatory deformity of the leg before 
treatment of the paralytic foot will probably re- 
sult in improper postoperative position of the 
me. TENDON TRANSPLANTATION 

Tendon transplantation or transference of its 
point of insertion and alteration of its line of pull 
to improve function of a part paralyzed by ante- 
rior poliomyelitis was first done by Nicoladoni in 
1882. Drobnick, Lange, Vulpius, Codivilla, Jones, 
Lovett, Biesalski, Mayer, Bunnell, Steindler, 
Bernstein, Ober, and others have been responsible 
for the gradual evolution and the present status 
of tendon transplantation which is based on 
physiological and biological aspects. The mod- 














HART: ARTHRODESIS OF THE 


\\ \ 








Fig. 10. 


Fig. 10. Ankle or tibiotarsal arthrodesis used by Albert 
(1878) and advocated by Townsend (1905). The operation 
was abandoned many years ago but the principle of ar- 
throdesis introduced by Albert remains fundamental and 
basic for all stabilizing operations of paralytic talipes. 

Fig. 11. Whitman’s operation—astragalectomy with 
posterior displacement of the foot. The technique of this 


ern methods of tendon transplantation require a 
consideration of the anatomy and physiology of 
muscles and tendons, the blood supply of tendons, 
the insertion of tendons, and the prevention of 
adhesions. A review of the literature and a de- 
tailed study of methods of tendon transference 
are to be found in the classical contributions by 
Mayer. The sole purpose of tendon transplanta- 
tion, as emphasized by Mayer, is restoration of 
normal muscle balance. 
TENODESIS 

Tenodesis or tendon fixation, the surgical 
method of changing a tendon into a ligament, was 
advocated by Codivilla although Tilanus first 
suggested it. The methods of tendon fixation 
were later investigated and elaborated by Gallie. 
Tenodesis has a very limited field of application 
in the treatment of the paralytic foot. Supple- 
menting a triple or subastragalar and calcaneo- 
cuboid arthrodesis, the method has given very 
satisfactory results in the treatment of paralytic 
pes calcaneus. In general, except for pes cal- 
caneus, applications of tenodesis in the treatment 
of paralytic talipes have not been successful. 


TENOTOMY—FASCIOTOMY 


Tenotomy was first performed by Delpech. 
Much of our present knowledge was contributed 
by Dupuytren, Stromayer, and Dieffenbach who 
practiced this method during the period prior to 
the advent of aseptic surgery. Numerous tech- 
niques have been developed and the field for the 
practical application of tenotomy in the treat- 
ment of paralytic talipes is broad. Fasciotomy of 
the deep plantar fascia and Steindler’s stripping 
operation of the os calcis for correction of cavus 
deformity due to contracture of soft tissues of the 
sole of the foot are to be considered standard pro- 
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Fig. 12. 


operation was reported in 1901. The bracket, a, measures 
the degree of posterior displacement of the foot. Note 
equinus position of the foot. 

Fig. 12. Subastragalar or calcaneo-astragaloid and cal- 
caneo-astragaloscaphoid arthrodesis advised by Nieny 
(1905), Soule (1912), and Davis (1913) for correcting and 
stabilizing lateral deformity. 


cedures which give excellent results in properly 
selected cases. 
FOREIGN MATERIALS—REEFING 

The use of metal plates, wires, screws, nails, silk 
ligatures, and reefing and shortening of tendons 
for the improvement of function of the paralytic 
foot require no discussion except to mention that 
their use is objectionable and unreliable as re- 
ported by the commission on stabilizing opera- 
tions upon the foot in 1921. Willett divided, 
shortened, and sutured the Achilles tendon for 
talipes calcaneus but the muscle stretched and the 
deformity recurred. Walsham sawed off the pos- 
terior extremity of the os calcis and displaced it 
further downward. Hoffa shortened the extensors 
en masse for drop foot but relapse followed from 
stretching. Vulpius believed that in certain cases 
a combination of arthrodesis of the ankle joint 
with a shortening of the anterior group of muscles 
was advantageous. Cramer laid a periosteal flap 
over the anterior surface of the flail ankle joint 
while Lexer drove a bone peg through the os calcis 
and astragalus into the bottom of the tibia. Bade 
used an ivory peg in the same way. Lange advo- 
cated the use of silk ligaments which were origi- 
nally used by Herz. 


NEUROTIZATION 
Unfortunately, the method of direct neurotiza- 
tion of paralyzed muscles investigated by Heineke, 
Erlacher, Held, Steindler, and others is not at 


present a procedure of practical importance in the 
treatment of paralytic talipes. 


MECHANICAL AND MANUAL STRETCHING 


Gradual mechanical stretching and corrective 
manual manipulations under general anesthesia 
are obvious and simple corrective procedures. 
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1878 
1QOI 
1g05 


1905 


1QI5 


Igl0 


I9I9 


1920 
1921 


Albert 
Whitman 
Townsend 


Nieny 


Jones 


Goldthwait 


Lorthioir 


Soule 


Soule 

Davis 
Albee 
Davis 
Dunn 


Toupet 
Hoke 


Dunn 


Putti 


Steindler 


Ryerson 
Ryerson 
Campbell 


Smith and 
von Lackum 


Brewster 
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EVOLUTION OF THE STABILIZING 


OPERATIONS 


Tibiotarsal or ankle joint arthrode- 
sis (Fig. 10). 

Astragalectomy with posterior dis- 
placement of the foot (Fig. 11). 
Ankle joint and midtarsal arthrode- 

sis. 

Talocalcaneal and talocalcaneona- 
vicular or subastragalar arthrode- 
sis (Fig. 12). 

Plantar fasciotomy, midtarsal tarsec- 
tomy, calcaneo-astragaloid and 
tibiotarsal (if calf muscles inac 
tive) arthrodesis. 

Supra-astragalar and infra-astraga- 
lar arthrodesis (Fig. 14). 

Panastragalar arthrodesis (tempo- 
rary removal of astragalus) (Fig. 
15). 

Astragaloscaphoid arthrodesis (Fig. 
13). 

Calcaneo-astragalar and astragalo- 
scaphoid or subastragalar ar- 
throdesis. 

Subastragalar arthrodesis (trans- 
verse horizontal section of the 
tarsus) with posterior displace- 
ment of the foot (Fig. 16). 

Astragaloscaphoid arthrodesis with 
bone graft peg. 

Subastragalar or calcaneo-astraga- 
loid and calcaneo-astragaloscaph- 
oid arthrodesis (Fig. 12). 

Midtarsal tarsectomy and calcaneo- 
astragalar arthrodesis. 

Posterior bone check. 

Calcaneo-astragaloscaphoid ar- 
throdesis resection, reshaping and 
reimplantation of head and neck 
of the astragalus, and posterior 
displacement of the foot (Fig. 19). 

¢xcision of scaphoid bone, calcaneo- 
astragalo-cuneiform, and calcaneo- 
cuboid arthrodesis with posterior 
displacement of the foot (Fig. 
r7, a, b, c). 

Anterior bone check (Fig. 22). 

Panastragaloid arthrodesis (as- 
tragalus not temporarily removed) 
(Fig. 15). 

Triple (subastragalar and calcaneo- 
cuboid) arthrodesis (Fig. 21). 

Lateral arthrodesis (cuneoscaphoid, 
first and fifth tarsometatarsal ar- 
throdesis). 

Posterior bone 
and b). 

Calcaneo-astragaloscaphoid and cal- 
caneocuboid arthrodesis, excision 
of head and neck of astragalus 
with posterior displacement of the 
foot (Fig. 18, a and b). 

Calcaneo-astragaloscaphoid arthrod- 
esis, excision of head and neck of 
the astragalus, posterior displace- 
ment of foot and countersinking 
of the body of the astragalus in the 
os calcis. 


block (Fig. 23, a 


Girard Arthrodesis of subastragalar and cal- 
caneocuboid joints. Shortening 
of neck of astragalus. Posterior 
displacement of foot. Construc- 
tion of ankle joint mortise. 
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Their paramount importance in the program of 
treatment of the paralytic foot cannot be over- 
emphasized. They are standard and accepted 
methods and their neglect may explain many 
failures. 
STABILIZING OPERATIONS 

The history of arthrodesing operations (Table 
I) for paralytic talipes began in 1878 when Albert 
of Vienna arthrodesed the ankle joint (Fig. 10). 
At the Hospital for the Relief of the Ruptured 
and Crippled in New York City the first arthrode- 
sis of the ankle was done in 1894. The functional 
importance of the subastragalar joint was not 
appreciated until some years later, which explains 
the fact that many patients treated by arthrode- 
sis of the ankle joint experienced recurrence of the 
original deformity and were forced to continue the 
use of braces. In 1901, Whitman of New York 
stated: ‘ Arthrodesis of the ankle joint is of little 
value when lateral distortion is present. In such 
cases the operation must include the subastraga- 
loid and mediotarsal joints also.” In the same 
year Whitman reported his method of astragalec- 
tomy and posterior displacement of the foot for 
treatment of paralytic talipes calcaneus (Fig. 11). 
The method gives excellent results in selected 
cases and is practically limited to the treatment of 
severe calcaneocavus deformities for which it was 
originally devised. The profession should recog- 
nize the fact that Whitman was the first to apply 
the principle of posterior displacement of the foot 
to shift the weight bearing line toward the center 
of the foot. This principle is fundamental in sev- 
eral of the standard arthrodesing operations. 

American surgeons have stated that Dr. G. G. 
Davis of Philadelphia originally advised and per- 
formed subastragalar arthrodesis (Fig. 12) for the 
correction of lateral instability of the foot. How- 
ever, Nieny of Germany, in 1995, wrote: “ Prona- 
tion and supination movements usually take place 
in the talocalcaneonavicular and in the talocalca- 
neal articulations while in the upper ankle joint 
only dorsal and plantar flexion can be carried out, 
since the talus is unable to make any lateral move- 
ments in the region of the malleolarfork. Thearth- 
rodesis of the talocrural joint is, therefore, of value 
only in cases of equinus or calcaneus.” In 1916, Dr. 
G. G. Davis wrote: “This operation (subas- 
tragaloid arthrodesis) I have been doing over 6 
years, and thought was original, but it is possible 
Nieny may have antedated me.” 
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Fig. 13. Astragaloscaphoid arthrodesis first performed 
by Soule in 1907 for talipes valgus. This procedure is 
anatomically incomplete since the astragaloscaphoid joint 
is not a complete anatomical entity. It is only a part of the 
calcaneo-astragaloscaphoid joint. 

Fig. 14. Supra-astragaloid and infra-astragaloid or 


Dr. Davis described his method of transverse 
horizontal section of the foot (Fig. 16) for treat- 
ment of various forms of pes cavus in 1913. 
The principle of his method, posterior displace- 
ment of the foot combined with subastragalar 
arthrodesis, should be regarded as one of the 
most important contributions in the surgical 
treatment of paralytic feet. Other surgeons, 
notably Hoke, Dunn, Steindler, Smith and von 
Lackum, Gill and Brewster, have modified and 
improved the original Davis technique but 
the principle of the procedure remains funda- 
mental. Davis in a subsequent report, in 1916, 
emphasized the importance of subastragalar ar- 
throdesis without posterior displacement for the 
treatment of simple varus or valgus deformities. 

In 1922 and 1928, Dunn reported an operation 
which provides stability of the tarsus, mobility of 
the ankle, bone balance, and muscle balance of the 
paralytic foot (Fig. 17, a, b, c). Stability of the 
tarsus is obtained by calcaneo-astragaloid, cal- 
caneocuboid and astragalocuneiform arthrodesis. 
Ankle joint mobility is preserved since the joint 
is not exposed. Posterior displacement and short- 
ening of the foot gain bone balance while tenot- 
omy and tendon transplantation are done when 
indicated to re-establish muscle balance. Bone 
removed from the calcaneocuboid articulation de- 
termines the actual shortening of the foot. If 
articular cartilage is removed from the calcaneo- 
cuboid joint, then the actual shortening of the 
foot is trivial and, in fact, no greater than the 
shortening resulting from a triple arthrodesis. 
Dunn excised the scaphoid bone (Fig. 17, a) and 
removed the articular surface of the head of the 
astragalus and the proximal portion of the cunei- 
form bones in order to displace the foot poste- 
riorly. The degree of posterior displacement is 
increased if the head and a portion of the neck of 
the astragalus are also removed (Fig. 17, b). Sub- 
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14. Fig. 15. 
tibiotarsal and calcaneo-astragaloid arthrodesis of Gold- 
thwait (1908). 

Fig. 15. Panastragaloid arthrodesis of Lorthioir (1911), 
Albee (1915), and Steindler (1922). Fusion of the tibio- 
tarsal and the subastragalar joints for the treatment of 
flail foot. 


periosteal elevation of the lateral ligaments facili- 
tates the posterior displacement. Dunn stated 
that the principle of his operation is the division 
of the foot into 3 segments (Fig. 1). Removal of 
cartilage and bone then allows correction of de- 
formity, ensures stability, and makes available 
such muscle power as is present for the control of 
flexion and extension of the ankle joint. The writer 
has had considerable experience with Dunn’s pro- 
cedure and believes that subsequent committees 
reporting on the relative values of the various 
stabilizing operations will place Dunn’s method 
as one of the most satisfactory procedures for 
treatment of severe paralytic talipes. 

Dr. Michael Hoke of Atlanta described, in 1921, 
a method of stabilizing paralytic talipes by means 
of a subastragalar arthrodesis combined with re- 
section, reshaping, and reimplantation of the head 
and neck of the astragalus and posterior displace- 
ment of the foot (Fig. 19). Mr. Naughton Dunn 
stated that Dr. Hoke emphasized the importance 
of the direction of the neck of the astragalus in its 
relation to the foot rather than the relation of the 
foot to the neck of the astragalus. 

In 1922, Arthur Steindler of Lowa City pre- 
sented his method of panastragaloid arthrodesis 
in which the astragalus is not removed from the 


lig. 16. Transverse horizontal section of the tarsus 
a-b described by Davis in 1913 obliterates the subastraga- 
lar joint and permits posterior displacement of the foot. 
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a 
a, Excision of the scaphoid bone permits pos- 
lacement of the foot or anterior displacement of 
igalus and malleoli toward the center of the foot. 
at the foot is not shortened. b, Considerable pos- 
r displacement of the foot may be gained by excision 


wound temporarily (Fig. 15). Steindler’s method 
is a distinct improvement in technique and has a 
large field of application in the treatment of flail 
or dangle foot. The caleaneocuboid joint may be 
fused if necessary for stability or correction of de- 
formity (Fig. 20). The most suitable position of 
the foot following operation is that of perfect 
lateral alinement with about 20 degrees of drop. 
\s Steindler stated, a greater drop of the foot is 
not so well tolerated even if it might seem ad- 
visable to equalize shortening of the limb. The 
equinus position of the foot also aids in stability 
of the knee with quadriceps paralysis since it 
favors production of a back knee or position of 
stability. 

Dr. Edwin Ryerson of Chicago reported his 


technique of triple arthrodesis (Fig. 21) in 1923. 
Triple arthrodesis obliterates motion in the sub- 
astragalar and calcaneocuboid articulations (Fig. 
),a). This procedure is based on sound physiologi- 
cal principles since lateral movements of the foot 
ire functions of the subastragalar and calcaneo- 


Fig. 

g. 1 ision of the head and neck of the astraga- 

s permits posterior displacement of the foot to attain a 
condition of bone balance. This procedure is included in 
e operations described by Hoke, Brewster, Smith and 
mn Lackum, and Miltner and Steindler. Reinsertion of 

e reshaped head and neck of the astragalus (Hoke) per 
mits very limited posterior displacement of the foot. b, 
and von Lackum (1925), Miltner and Steindler 
(1931) excised the head and neck of the astragalus to gain 


Smith 


Fig. 18b. 


of the scaphoid bone and the head and neck of the as- 
tragalus. Extreme posterior displacement is objectionable. 
c, Dunn’s operation reported in 1922. Calcaneo-astragalo 
cuneiform and calcaneocuboid arthrodesis. Excision of the 
scaphoid bone and posterior displacement, a, of the foot 


cuboid articulations. It is indicated very fre- 
quently and may be combined with tendon trans- 
plantation and bone block operations. 

A distinct advance in the surgical treatment for 
drop foot or paralytic equinus was introduced by 
Dr. Willis Campbell of Memphis, in 1923, when 
he presented the technique and indications of his 
posterior bone block operation (Fig. 23, a and b). 
Lewis Wagner of New York has suggested a defi- 
nite change from the original operation. Camp- 
bell’s bone block impinged upon the inferior and 
posterior aspects of the tibia while the bone block 
suggested by Wagner impinged only against the 
inferior surface of the tibia. 

Dr. A. Bruce Gill of Philadelphia described, in 
1932, an operation to limit plantar flexion of the 
foot by means of a posterior ankle bone block. He 
stated: “It appears a little more simple in tech- 
nique than the Campbell operation, but not more 
effective.” Dr. Gill removed a wedge-shaped 
piece of bone from the upper aspect of the os cal- 
cis and drove it firmly into a space beneath the 


Fig. 19 


posterior displacement of the foot and obliterated the sub 
astragalar and calcaneocuboid joints to gain lateral sta 
bility. 

Fig. 19. Hoke removed, reshaped, and reinserted the 
head and neck of the astragalus, obliterated subastragalar 
motion, and displaced the foot posteriorly, a’. The poste- 
rior displacement which results following the use of this 
technique is much less than that which is gained by the Dunn 
technique. 
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Fig. 20. 


Fig. 20. Panastragaloid arthrodesis with calcaneocuboid 
arthrodesis for the stabilization of flail foot. The most suit- 
able position of the foot following the operation is perfect 
lateral alinement with a foot drop of approximately 20 
degrees, 

Fig. 21. Subastragalar and calcaneocuboid or triple art- 


superior posterior portion of the astragalus which 
corrected the drop foot deformity. 


RECURRENCE OF DISABILITY 


A group of patients with recurrence of deform- 
ity and disability following various stabilizing op- 
erations have been observed and studied by the 
writer over a period of 10 years. The operations 
were done by a number of competent surgeons in 
various institutions. An analysis of the study re- 
veals that recurrence of deformity and disability 
may be the result of the following factors: 


A. Pre-operative 

1. Poor discrimination in choice of patient (age); 

2. Inadequate pre-operative study of the skeletal de- 
formities and residual muscle balance of the paralytic foot; 

3. Failure to recognize— 

a. Lateral instability of the body of the astragalus in 
the mortise of the ankle joint; 

b. External rotation deformity of the foot, ankle, and 
leg in relation to the knee; 

c. The exact site of the deformity in relation to the 3 seg- 
ments of the foot; 

d. The deforming influence of active, unopposed mus 
cles; 

e. Paralyses, contractures, deformities, and instability of 
the knee and hip; 

f. That the deformity was due to temporarily paralyzed 
muscles. 
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= 
hrodesis of Ryerson. Operation described in 1923. 

Fig. 22. Anterior bone check of Putti employed to limit 
dorsiflexion of the foot. The steps of this technique were 
described in 1922. The method is combined with subastra 
galar arthrodesis if lateral deformity and instability of the 
foot are present. 


21. Fig. 22. 


B. Operative 

1. Poor discrimination in selection of operative pro 
cedure; 

2. Inadequate exposure and incomplete execution of the 
surgical procedure; 

3. Failure to correct soft tissue contractures preliminary 
to arthrodesis and tendon transplantation; 

4. Failure to correct skeletal anatomy preliminary to 
tendon transplantation; 

5. Improper transplantation and implantation of ten 
dons; 

6. Displacement of segments of the foot during applica 
tion of plaster-of-Paris cast; 

7. Failure to fulfill the principle of posteriordis place 
ment as required in astragalectomy and in the Hoke and 
Dunn operations; 

8. Failure to make flush joints. 

C. Postoperative— 

1. Failure to maintain proper postoperative position of 
the foot; 

2. Postoperative infection; 

3. Inadequate postoperative fixation; 

4. Aseptic bone necrosis; 

5. Abnormal ossification and disturbed bone growth re 
sulting from surgical trauma; 

. Postoperative muscle imbalance; 
7. Neuromas; 
3. Periostitis and loose bone fragments; 
. Traumatic arthritis; 
. Careless shoeing; 
. Uneven distribution of pressure upon weight bear 


Fig. 23. a, left. Triple arthrodesis with posterior bone block (Campbell, 1923 
and Wagner, 1931) for correction of lateral instability and drop foot. b, Camp- 
bell’s posterior bone block operation for drop foot combined with Dunn’s 
operation for lateral stability and bone balance. 
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CONCLUSIONS 

The ingenious inventor of arthrodesis was 
Albert of Vienna who in 1878 curetted the joint 
surfaces of the tibiotarsal articulation in a case of 
paralytic pes equinus. Whitman of New York, in 
1901, first introduced the fundamental principle 
of posterior displacement of the foot to gain bone 
balance. Arthrodesis of the subastragalar joint 
was originally advised and performed by Nieny of 
Germany in 1905. Davis of Philadelphia, in 1913, 
was the first to combine the procedures of sub- 
astragalar arthrodesis and posterior displacement 
of the foot. Davis first emphasized the physiologi- 
cal unity of the subastragalar joint which includes 
two separate anatomical articular entities, the 
calcaneo-astragaloid and the calcaneo-astragalo- 
scaphoid articulations. Hoke, in 1921, and Dunn, 
in 1922, first introduced the principle of removal 
of bone between the cuneiform bones anteriorly 
and the body of the astragalus posteriorly, for 
the purpose of producing posterior displacement 
of the entire foot in relation to the leg and ankle 
joint. Ryerson, in 1923, recognized that calcaneo- 
cuboid fusion should be added to subastragalar 
fusion if the entire physiological unit involved in 
lateral deformities of the foot was to be completely 
stabilized. The term “‘triple arthrodesis” refers 
to fusion of the three distinct anatomical entities 
which form the physiological unit included in 
lateral movements and deformities of the foot. 
The three anatomical entities are the (1) calcaneo- 
astragaloid, (2) calcaneo-astragaloscaphoid, and 
(3) calcaneocuboid joints. The first and second 
form the subastragalar joint as defined by Davis. 
There should be no confusion regarding the terms 
‘“‘subastragalar” and “‘triple.’”’ These principles 
form the basis of the refined methods universally 
employed for stabilizing paralytic talipes and 
they may be judiciously supplemented by tenot- 
omy, osteotomy, fasciotomy, tenodesis, tendon 
transplantation, tarsectomy, and bone block pro- 
cedures. 
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THE VISSCHER-BOWMAN CHEMICAL TEST FOR 
PREGNANCY AND THE URINARY PIGMENT 


JOHN F. SHEEHAN, M.D., Boston, Massachusetts 


N 1934 Visscher and Bowman published a 
chemical test for pregnancy, claiming an 
accuracy of 93 per cent in 317 definitely 
proved cases. Because of its simplicity it 

seemed of definite value if reliable. Menken was 
favorably impressed by it but his series of cases 
was too small for corroboration. It was felt that 
a thorough investigation was warranted, includ- 
ing in its scope both non-pregnant females and 
males as controls. Shortly after this was under- 
taken there appeared in the German literature a 
paper by Dolff, who submitted the test to a more 
critical examination than Menken and arrived at 
conclusions similar to his. He noted, however, 
discrepancies, to explain which he postulated 
interference by some unrecognized product of 
metabolism. He indicated the need of further 
work. 

The results obtained by Menken and Dolff 
were considered inconclusive, and in an attempt 
at correct evaluation, 592 tests were run on morn- 
ing urines. Of these, 215 were done on specimens 
from non-pregnant females, from children of both 
sexes below 12 years of age and from males over 
12 years of age. Two hundred and sixty were run 
on urines used for the Aschheim-Zondek test. Of 
these, 172 were on negative urines, 88 on positive 
urines. In addition, 61 tests were run on urines 
collected in the prenatal clinic from individuals 
in various months of pregnancy and 56 on cathe- 
ter specimens, obtained immediately prior to 
delivery. 

In all of these the procedure followed was the 
first of the two described by Visscher and Bow- 
man. The conclusions arrived at, however, will 
hold for both inasmuch as the second is merely a 
modification of the first. A summary of the first 
procedure follows. To 1 cubic centimeter of urine 
are added 1 drop 0.5 per cent hydrogen peroxide, 
5 drops 1 per cent aqueous phenylhydrazine hy- 
drochloride, 5 drops of 5 per cent aqueous methyl 
cyanide, and 5 drops of concentrated hydro- 
chloric acid. This mixture is placed in a boiling 
water bath for 25 minutes. The test is positive 
if a russet color and a flocculent precipitate 
develop, negative if a straw color, with or without 
a powdery precipitate, results. 


From the Mallory Institute of Pathology, Boston City Hospital. 


A little experience with the test showed that 
there were various gradations from a straw color 
to an intensely dark brown or dark reddish brown 
color and from a fine powdery white to a floccu- 
lent black melanin-like precipitate. For the pur- 
poses of this paper the grading of the test was as 
follows: 


Color—clear amber 

Usually no precipitate 

Very weak—Color—slight brownish tint 

Occasional slight whitish precipitate 

Color—definitely brown 

Usually fine to flocculent whitish to brown 
precipitate 

Color—dark brown or reddish brown 

Moderate amount of brown to black precipi- 
tate 

Color—intensely dark brown or reddish brown 

Large amount of black precipitate 


Negative 


Weak 
Moderate 


Strong 


The color changes and the appearance of a black 
melanin-like precipitate are the essential changes, 
as will be made evident in the discussion in a 
later paragraph. 

It was learned early that gross blood, high 
sugar concentrations in the urine, and the pre- 
cursors of melanin or melanin-like substances in 
the urines of melanocarcinoma and ochronosis 
patients interfered with the test. The high con- 
centrations of acid used in the test obviously con- 
vert hemoglobin into brown hematin. Two per 
cent glucose solutions give the equivalent of a 
weakly positive test. Heating converts the pre- 
cursors of melanin or melanin-like substances 
into brown or black end products. Hence, urines 
containing gross blood and those from diabetics 
and melanocarcinoma patients were excluded. 

In Table I, all tests done are classified and the 
results recorded. In the last column the per- 
centage of positives are listed, very weak posi- 
tives being excluded in compiling the percentage 
of definite positives. The tests were classified 
not only as given in Table I, but also, in the case 
of males and non-pregnant females, according to 
age decades and, in the case of pregnant females, 
according to the month of pregnancy. No sig- 
nificant results were obtained, so these data do 
not appear in the table. 

From the table it is evident that non-pregnant 
females, children under 12 years of age and males 
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VISSCHER-BOWMAN CHEMICAL TEST 


FOR PREGNANCY 


TABLE I.—CLASSIFICATION AND RESULTS 


Total tests | 


Males 1 to 12 years 

Males 12 to 80 years = 

Females 1 to 12 years 

Non-pregnant females 12 to 81 years. No AZ| 
test done 

Females—AZ negative 

Females—AZ positive 


Other pregnant females—4 to 9.5 months 


Pregnant females- -Catheter specimens just 
before delivery 





*Very weak positives not included. 
AZ, Aschheim-Zondek test. 


of all ages give approximately the same percent- 
age of positives as pregnant females. The lowest 
percentage occurred in the tests run on catheter 
specimens obtained just before delivery. The in- 
terpretation of this finding will be discussed 
in a later paragraph. 

This test, then, is not a chemical test for preg- 
nancy. Neither is it a chemical test for certain 
hormones associated with pregnancy. Aqueous 
solutions of estrin (theelin and progynon), in 
much greater concentration than normally found 
in urine of pregnant females, did not respond to 
the test. Urines, previously determined to be 
positive, gave the test both before and after boil- 
ing. Boiling is said to destroy the prolan. In 
addition there was no parallelism between the 
test and prolan, as determined by Aschheim- 
Zondek test (see table). Furthermore, of 20 
urines in which the Aschheim-Zondek test was 
specifically reported as positive for prolans A 
and B, 4 were negative to the chemical test, 2 
very weak, 4 weak, 8 moderate, and 2 strong. 
Of 5 urines, reported as prolan A positive and 
prolan B negative, 1 was negative, 1 very weak, 
1 weak, 1 moderate, and 1 strong. In addition, 
the intensely dark reddish brown color and fairly 
abundant black precipitate obtained in the test 
using even 1 cubic centimeter of a strongly posi- 
tive urine, makes it seem unlikely that any hor- 
mone could be the substance giving the test. 

The fact that urine from males and females, 
whether old or young, pregnant or not, gave the 
test, made it fairly obvious that some normal 
constituent of the urine was really responsible 
for the positive reactions. The use, singly and in 
various combinations, of the reagents enumerated 
revealed that the essential reagent in the test 
was the concentrated hydrochloric acid. Urines 


Negative 
Per cent 


| 
| Very weak 
| Per cent 


Weak 
Per cent 


Moderate Strong 


Per cent Per cent 


boiled with hydrochloric acid alone gave intensi 
ties of color exactly comparable to those given 
by the same urines when treated according to the 
directions given by Visscher and Bowman. The 
color with acid was usually much redder. A black 
melanin-like precipitate was obtained in both, if 
the original test was moderately or strongly 
positive. It was considered probable that the 
phenylhydrazine modified the color given by the 
acid alone and hence accounted for the more 
brownish tint in the original test. Another ob 
servation of importance was that the intensity 
of color of the urine, as received from the wards 
or out patient department, was comparable with 
the intensity of color developed in the Visscher 
Bowman test or in the presence of concentrated 
hydrochloric acid alone. This was so true that, 
with a little experience, the probable result of the 
Visscher-Bowman test could be inferred from 
inspection of the color of the urine. 

An investigation of the relationship of the 
specific gravity of the urine to the varying de 
grees of positivity of the test was then under 
taken. The specific gravities of 120 urines were 
determined and the Visscher-Bowman test per 
formed. It was found that the majority of all 
urines between 1.001 and 1.010 gave negative or 
very weak tests. From tr.o1o to 1.022 the urines 
were for the most part weak or moderate posi 
tives and above 1.022 moderate or strong posi 
tives. Hence, the tests ran roughly parallel to the 
specific gravities. The normal color of the urine 
varied in like manner. 

The addition of 1 drop of 15 per cent hydrogen 
peroxide (superoxyl 1 part, water 1 part) pre 
vented positive reactions. In a like manner this 
addition perceptibly diminished the color of the 
urine. 
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It was found that the test was positive on all 
pigmented solutions or pigmented residues re- 
sulting from the use of various extractives on 
whole urine or urine evaporated to dryness. 
Colorless solutions resulting from extractions 
failed to give a positive test. Finally urine was 
evaporated to dryness and the residue treated 
with ethyl alcohol. To the resulting solution, 
which contained the majority of the pigment, 
ether was added and the pigment precipitated 
out. The precipitated pigment was redissolved in 
ethyl alcohol, reprecipitated with ether, and 
finally taken up in water. The pigment was not 
completely extracted by these procedures, but it 
was considerably concentrated. It was found 
that the more concentrated the pigmented solu- 
tion the more intensely positive was the Visscher- 
Bowman test. It is fair to conclude from these 
facts that the substance undergoing change in 
the Visscher-Bowman test is the urinary pigment 
itself. 

For absolute proof of this point it would be 
necessary to isolate the urinary pigment in pure 
form and to subject to the Visscher-Bowman 
test the pigment as well as the other urinary con- 
stituents from which it was isolated. No ade- 
quate method, however, for the separation of 
the urinary pigment in pure unchanged form is 
at present available. The chemical constitution 
of the urinary pigment, and even its identity as a 
single substance responsible for the color of urine, 
is apparently unknown. Its origin in the body 
and its metabolism likewise are obscure. 

Heilmeyer believed that urochrome (urinary 
pigment) was not a definite substance but com- 
posed of two components, designated as _ uro- 
chrome A and B. Drabkin (3) using an ingenious 
method of extraction, finally succeeded in suffi- 
ciently concentrating and segregating the pig- 
ment to get a colored crystalline compound with 
silicotungstic acid. Using Tswelt’s method of 
chromatographic analysis, he concluded that the 
urinary pigment (urochrome) was a single sub- 
stance. In another paper (2), using as a standard 
for color comparison a saturated weakly alco- 
holic solution of basic alizarin, to which a small 
amount of a weak solution of aniline orange had 
been added, he determined the daily excretion of 
urinary pigment of a group of males and females 
and concluded that the daily pigment output for 
males is about 19.0 units (9.9 units per square 
meter body surface) and for females about 12.7 
units (8.2 units per square meter). A unit equaled 
the pigment content of roo cubic centimeters of 
urine, the color of which just matched the stand- 
ard color, as described. He also declared that the 
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urinary pigment was endogenous in origin and 
did not depend on the diet and that the urinary 
pigment output paralleled the basal metabolic 
rate, being increased in hyperthyroidism and 
after thyroxin administration. Finally, he found 
that the urinary pigment was increased in acidosis 
and during pregnancy, tending to fall slightly 
before parturition. Our results, though based on 
samples of morning urines rather than on total 
daily outputs, suggest that the latter conclusion 
is correct. As noted in Table I, only 34 per cent 
of pregnant females just before delivery gave a 
definitely positive Visscher-Bowman test. The 
specific gravity of the urine in many of these (not 
determined for all) ranged from 1.001 to 1.015. 
In interpreting this finding we feel that beside 
the factor of absolute decrease in urinary pig- 
ment output, the factor of increased diuresis also 
plays a part. Moreover, of the 7 strong positives 
in this preparturient group, 2 were cases of 
toxemia, 1 of pneumonia, and 1 required delivery 
of a dead fetus by cesarean section, all pre- 
sumably oliguric. 

In the Visscher-Bowman test the degree of 
positivity of various urines roughly paralleled 
the specific gravity but did not do so exactly. 
Inasmuch as the urinary pigment, however, is 
not the only substance that contributes to the 
specific gravity, no conclusion regarding the 
absolute urinary pigment output can be derived 
from the study of this relationship between the 
specific gravity and the gradations noted in the 
Visscher-Bowman test. 

One other property of the urinary pigment 
mentioned by Drabkin is of importance here, i.e. 
its conversion in the presence of strong mineral 
acids (concentrated sulphuric acid, concentrated 
hydrochloric acid) into dark red or definitely 
black melanin-like substances. This is a point 
in favor of our previous conclusion that the 
Visscher-Bowman test merely represents a change 
in the normal urinary pigment in the presence of 
strong mineral acid. 

Until the urinary pigment has been definitely 
isolated in pure form, evidence for its chemical 
constitution will necessarily be fragmentary and 
even conjectural. Drabkin found that the 
Millon test on the partially purified urinary pig- 
ment was fairly strongly positive, indicating the 
presence of a hydroxy-phenyl group. With this 
observation as a lead, an artificial pigment was 
prepared, agreeing in many of its properties with 
those of the urinary pigment itself. An aqueous 
solution of dioxyphenylalanine (1:1000) was 
mixed with crude potato oxidase (4) in the pro- 
portion of 2 parts of the former to 5 parts of the 











SHEEHAN: 


latter. This mixture was allowed to stand for a 
few hours until a deep red (wine) color appeared. 
The colored solution was then shaken with the 
extractives listed in Table II and the results 
compared with similar experiments on the uri- 
nary pigment. These observations are recorded 
in the following table: 


TABLE II.—EXTRACTIVES AND RESULTS 


Extractive Urinary pigment Artificial pigment 


Chloroform Insoluble Insoluble 

Ether Insoluble Insoluble 

Petroleum ether Insoluble Insoluble 

Benzene Insoluble Insoluble 

Alcohol (ethyl) Soluble Soluble 

Butyl alcohol Soluble if solution Soluble if solution 
(normal) is acid is acid 


Insoluble if solu- 
tion is alkaline 


Insoluble if solu- 
tion is alkaline 

Both the urinary pigment and the artificial 
pigment were found to be soluble only in ethyl 
alcohol and butyl alcohol, and, in the latter case, 
only if their solutions had been previously acidi- 
fied. For some unknown reason the artificial 
pigment, even if acidified, could not be extracted 
by butyl alcohol unless it had been made slightly 
alkaline before being acidified. It is evident from 
the results in Table II that there is a close simi- 
larity between the two pigments as far as solu- 
bility is concerned. 

As regards chemical properties, we have pre- 
viously noted that strong solutions of urinary 
pigment become an intensely dark red, usually 
with the formation of a melanin-like precipitate, 
when boiled for a few minutes with concentrated 
hydrochloric acid (5 drops to 1 c.cm. of solution). 
The artificial pigment gives a similar result, both 
when directly acidified and when first made very 
slightly alkaline and then strongly acidified. If, 
however, the color of the freshly prepared arti- 
ficial pigment is not a deep wine color or if too 
much alkali is added before acidification, various 
shades of brown are obtained on boiling, instead 
of the deep red color. The dark red color and 
melanin-like precipitate, in the case of the arti- 
ficial pigment, as well as in that of the urinary 
pigment, is altered but little by strong alkali, 
but is decolorized by heating with strong hydro- 
gen peroxide solutions (superoxyl). Finally, when 
solutions of freshly prepared artificial pigment 
are acidified (with or without previous slight 
alkalinization), a yellow color which is not un- 
like the color of normal urine is obtained. These 
reactions would seem to indicate that there is 
present some similarity in chemical constitution 
between the artificial pigment and the urinary 
pigment. 
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The two, however, are apparently not identical. 
Solutions of freshly prepared artificial pigment, 
when boiled, are considerably decolorized and the 
oxidase present destroyed. Upon adding fresh 
oxidase solution to this boiled product, a vio- 
laceous color slowly develops. The color of some 
urines tested darkened perceptibly, but not 
markedly, when fresh oxidase solution was added 
and the mixture allowed to stand for several 
hours or days. No definite violet tint was noted, 
however. Whether this darkening was the result 
of a change in the urinary pigment or the result 
of the development of a color on the part of other 
urinary constituents which might be acted upon 
by oxidase (as phenol and its derivatives) we do 
not know. Inasmuch as a few other urines simi- 
larly treated failed to undergo such color change, 
this makes the latter alternative the more 
probable. 

The freshly prepared untreated artificial pig- 
ment is converted into a black melanin-like sub- 
stance if merely allowed to stand for several days 
at room temperature. The urinary pigment does 
not undergo this spontaneous change into a 
melanin-like substance on standing. This may 
be explained, however, by assuming that the lack 
of oxidase in normal urines or the presence of the 
urinary salts is responsible. It was found that 
high salt concentrations (sodium chloride) and 
urine itself retarded the formation of the artificial 
pigment described above. The higher the specific 
gravity of the urine used, the greater the retarda- 
tion of the formation of color and the less the 
maximum intensity developed. To a few urines 
dioxyphenylalanine alone was added. No color 
developed. Hence, it is probable that oxidase 
does not normally occur in the urine or, if it does, 
in such small quantities as to be inhibited by the 
urinary salts present. 

It is interesting in this regard that spontaneous 
color changes occur in the urine in the pathological 
conditions of melanocarcinoma and ochronosis. 
On standing such urines become intensely dark 
brown and a melanin-like precipitate forms. At 
the time these tests were performed it was not 
possible to obtain such urines in order to test for 
oxidase. Its presence would have accounted for 
this spontaneous change, quite similar to that 
noted in the case of the artificial pigment de- 
scribed, where the oxidase is present. 

It is true that the preparation of an artificial 
pigment similar in many of its properties to that 
of the urinary pigment does not solve the mystery 
of the chemical constitution of the latter. It 
strongly suggests, however, that the urinary pig- 
ment is some oxidation product of tyrosine or a 
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related substance with a hydroxy-phenyl group 
and that its chemistry is probably tied up with 
that of melanin and its precursors. It is not in- 
conceivable that further intensive study of the 
urinary pigment, with particular regard to its 
isolation, the determination of its chemical con- 
stitution and its relationship to metabolism, may 
help to solve the problem of melanin, its metabo- 
lism and excretion, for the urinary pigment is a 
soluble substance which in vitro can be converted 
into a substance quite similar to the material 
called melanin. 


SUMMARY AND CONCLUSIONS 


1. The Visscher-Bowman test is not a chemical 
test for pregnancy. Positive tests were obtained 
with urines from males, non-pregnant females of 
various ages and children below the age of 12. 

2. Estrin and prolan do not give positive reac- 
tions. 

3. The test is in reality a change in the normal 
urinary pigment (urochrome) induced by heating 
with strong mineral acids and resulting in the 
formation of red soluble and black melanin-like 
insoluble substances. 

4. The output of urinary pigment, previously 
shown by Drabkin to be increased in pregnancy 
and roughly to parallel the basal metabolic rate, 
is here found not to parallel the urinary prolan. 

5. An artificial pigment is described with physi- 


cal (solubility) properties and some chemical 
reactions similar to those of the normal urinary 
pigment. 
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6. The need of further intensive study of th 
urinary pigment and the metabolism of its pre 
cursors is emphasized. It is conjectured that th« 
solution of this problem may help solve the prob 
lem of melanin and its metabolism. 


I acknowledge my indebtedness to Dr. Frederick Parke: 
Jr. for the suggestion that initiated this investigation and 
for the helpful criticism and advice given by him as th: 
work progressed. 
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INTUSSUSCEPTION DURING PREGNANCY 


LAWRENCE CHAFFIN, M.D., F.A.C.S., VERNE R. MASON, M.D., and 
J. MORRIS SLEMONS, M.D., F.A.C.S., Los Angeles, California 


HE able monograph of Treves on Jn- 

testinal Obstruction published in 1884 

laid stress upon the tendency of intra- 

luminal tumors to provoke invagination 
of the bowel. And before very long this teaching 
was widely approved. From Denmark came 
Wichmann’s detailed analysis of 725 cases of in- 
tussusception; from Germany Kasemeyer’s ex- 
haustive study of tumor invagination of the in- 
testine. Elliott and Corscaden and, later, King 
contributed from America comprehensive reviews 
of intussusception and intestinal tumors, respec- 
tively. As a result, meticulous surgeons now 
search for a responsible tumor whenever they 
treat intussusception in an adult. At times, to be 
sure, the pathological lesion which invites in- 
vagination is an ulcer of the intestine—tuber- 
culous, typhoid, or dysenteric; occasionally, an 
inverted appendix or Meckel’s diverticulum; very 
rarely, a foreign body which has resisted the 
transportation that normal peristalsis provides. 

Because our patient had reached the third tri- 
mester of pregnancy, the inherent diagnostic dif- 
ficulties represented the outstanding feature of 
the preliminary clinical study. In this respect our 
experience followed the rule, as we have since 
learned, attempting to collect all the recorded 
cases of intussusception which have developed 
during pregnancy and the puerperium, or slightly 
beyond it. 

DURING PREGNANCY 

Steinhart (1870). This patient, 41 years old, had a 
nervous constitution. At the fourth month of pregnancy 
manifestations of intestinal obstruction prevailed 4 days, 
and disappeared following the use of enemas. Eight days 
later she passed by rectum a mass of necrotic intestine, 
1g centimeters long and 10 centimeters wide. A healthy 
infant was born at term. The mother recovered slowly, 
and remained a semi-invalid. Conceivably, this patient 
suffered from tuberculosis; not until 1882 did Koch dis- 
cover the tubercle bacillus. 

Bull (1871). Between the second and third months of 
gestation, a woman 28 years of age, in her fourth preg- 
nancy, was treated medicinally for intestinal obstruction. 
On the seventh day she passed 3 centimeters of small in- 
testine and improved immediately. No comment is made 
upon the time or the character of her delivery. She suf- 
fered from chronic bronchitis and emphysema. 

Mayo-Robson (1885). Patient, 33 years of age, at third 
month of pregnancy had an intussusception beginning 4 
feet 2 inches from the commencement of the duodenum. 
Laparotomy: resection of 4 feet of gangrenous intestine; 
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end-to-end anastomosis. Death 4 hours later. 
the intussusception was unknown. 

Wylie (1888). Multipara, 6 months pregnant, had se- 
vere pains in right lower abdominal quadrant. There was 
profuse bleeding from the rectum on the fifth day of illness; 
passage of a large slough of bowel on twelfth day. Con- 
valescent on fifteenth day. Spontaneous delivery at term. 
Well, 3 months later. No discussion of pertinent etiology 

Ayer (1890). Intussusception during pregnancy in a 
tuberculous woman. Death too days following expulsion 
of 2 feet of small intestine, and 47 days after confinement. 
Premature, live child. Autopsy of the mother by Reginald 
Fitz showed tuberculosis of lungs, liver, and intestine. Two 
feet above the ileocecal valve the lumen of the gut was 
narrowed to '4 inch. 

Crofton (1890). Intussusception masked by miscarriage. 
The rhythmic abdominal pains were associated with 
uterine contractions. Cervix closed. Four days later de- 
livery of a stillborn, 7 months’ fetus. Death of mother 4 
hours postpartum. Autopsy showed invagination of 
gangrenous gut above ileocecal junction. 

Geissler (1894). Primipara, 44 years of age, nearing ex- 
haustion from symptoms attributed to vomiting of preg- 
nancy. An abortion was performed, and death ensued a 
few days later. Autopsy showed an intussusception, 15 
centimeters long, at junction of duodenum and jejunum, 
invoked by an intraluminal myoma, 5 centimeters long, 
with a broad base. 

Williams (1908). Intussusception at the site of a tu- 
berculous ulcer. Resection and anastomosis. Death soon 
after the operation. 

Kohler (1920). Primipara, 29 years of age, 8 to g months 
pregnant, presented symptoms of ileus. Delivered by vagi- 
nal section; subsequent laparotomy disclosed a kink in the 
small intestine, attributed to an intussusception which had 
released itself. Autopsy showed purulent peritonitis, mid- 
dle portion of ileum gangrenous. Parenchymatous ne- 
phritis. 

Dietrich (1922). Primipara, 31 years of age. Fundus 2 
finger-breadths above the umbilicus; 7 months pregnant. 
Tumor in left upper abdominal quadrant; pain, vomiting, 
no movenient of bowels for 2 days. Diagnosis of intestinal 
obstruction (intussusception ?). Laparotomy revealed an 
invaginated loop of small intestine, rotated 270 degrees. 
Resection of 1% meters of small intestine: lateral anasto- 
mosis. Spontaneous delivery, at term; normal infant. 

Stork (1925). Primipara, 26 years of age, 9 months preg- 
nant. Manifestations of ileus included fecal vomiting 
Laparotomy revealed an invagination of the upper small 
intestine, 20 centimeters long. Resection and anastomosis 
followed by Cesarean. The fetus was stillborn; the mother 
died shortly. 


Cause of 


DURING LABOR 


Ibba (1888). Patient, 40 years of age. After an illness 
of 2 months her first pregnancy ended with the birth of a 
dead fetus; the second birth was normal. During this 
labor (her third) the pains were agonizing, pulse rapid, 
temperature 41.6 degrees C., vomiting persistent and 
violent. Thirteen days postpartum she passed 36 centi- 
meters of intestine. Death occurred 2 weeks later. Au- 
topsy revealed invagination of intestine 30 centimeters 
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Fig. 1. Frontal view of abdominal cavity after removal 
of the uterus (diagrammatic). 


from stomach. Abdomen contained 2 liters of fluid in 
which floated particles of food. 

Porak (1902). Patient 34 years of age, in her third preg- 
nancy. During labor the pains were of exceptional vio- 
lence. Temperature was subnormal, pulse rapid, fetus 
stillborn. Mother collapsed 3 hours after delivery. Lapa- 
rotomy revealed an intussusception of the small bowel, 12 
centimeters long. Death during operation. Hospital his- 
tory of pulmonary tuberculosis for 3 years. 

DURING THE PUERPERIUM 

Pontick (1874). Delivery by version. Uterus was rup- 
tured just above bladder. The rent was covered with ex- 
tensive omental adhesions obstructing the large bowel 
which became greatly distended, and the ileum’ prolapsed 
into the colon. Finally, perforation. Fatal peritonitis 8 
weeks postpartum. 

Krabbel (1879). Intussusception on eighth day post- 
partum. Passed 48 centimeters of intestine 1o days later. 
Death on fiftieth day. Autopsy revealed cavities in both 
lungs. Scar 15 centimeters above ileocecal valve. Several 
ulcers in intestines. 

Czerny and Rindfleisch (1892). Patient, 36 years of age, 
had had 10 normal pregnancies. Three months after her 
last delivery the mother suddenly fell ill with manifestation 
of ileus. Nine days later laparotomy revealed an ileocecal 
intussusception. Resection of 72 centimeters of intestine. 
Death 10 hours later. Autopsy revealed diffuse peritoni- 
tis; fluid in both pleural cavities. 

Kohler (1920). Multipara, 6 weeks after delivery, pre- 
sented manifestations of obstruction. Laparotomy dis- 
closed an ileocecal intussusception, 40 centimeters long. 
As the patient appeared extremely ill treatment was limited 
to drainage. Autopsy revealed peritonitis. 


AND OBSTETRICS 


Maxwell and Wong (1932). Quintipara, 39 years old, 
admitted to the Peiping hospital the day following de 
livery at home. Intussusception of midportion of ileum. 
Under local anesthesia the obstructed loop was removed and 
the cut ends of the bowel sutured into the abdominal 
wound. Death 45 minutes after the operation. 

Spoto (1934). Secundipara with intussusception of the 


ileum into the cecum the twenty-first day after normal 
delivery. Resection and lateral anastomosis was followed 
by peritonitis. Death on sixth postoperative day. 


AUTHORS’ CASE 


Primigravida, age 36 years, had last menstrual period 
August 16, 1935. Patient gave past history of operation 
for breast tumor, a ‘“‘blue dome cyst,’”’ and of hemorrhoids 
treated medicinally; otherwise her health had always been 
excellent. 

The course of pregnancy proceeded normally until 
February 10, 1936, when the fundus was found at the same 
level as 1 month before. Fetal movements were ‘“‘vague.”’ 
She was annoyed by nose-bleed, also by a boil on the left 
labium minus. 

About 2:00 a.m. Thursday, February 13, she awakened 
with cramps and nausea. At first the symptoms were 
transient, permitting a little sleep between the attacks. 
She took only tea for breakfast, and vomited that. Toward 
noon the cramps became severe, the vomiting frequent. 

On admission to the hospital at 3:00 p.m. the vital signs 
were: temperature 98 degrees; pulse, 60; respirations, 18. 
The cervix was 1 inch long, hard, canal closed. Pantopon 
was given hypodermically. Half an hour later the nurse 
reported the patient had “gone into shock.’”? She was 
visited at once and found literally in a ‘cold sweat,” pale, 
screaming with pain at consistent intervals of 5 minutes. 
The temperature was 96 degrees; pulse, 44 and irregular. 
Blood pressure was 110/70. Specific gravity of the urine 
1025; alkaline reaction, no sugar, heavy trace of albumin, 
acetone positive, diacetic acid negative; microscopically, a 
few leucocytes and epithelial cells but no casts were noted. 
Blood tests showed 45 per cent hemoglobin; erythrocytes 
3,000,000; leucocytes 9,300 with neutrophiles, 83 per cent; 
lymphocytes, 16.5 per cent; monocytes, 0.5 per cent. 

At this point it became apparent to the obstetrician that 
some factor besides miscarriage was concerned in the prob- 
lem. Accordingly, an internist and a surgeon were called in 
consultation. The situation then was thus summarized: 
a prostrated patient, with profound pallor, mentally clear. 
Agonizing pains at 5 minute intervals associated with 
strong uterine contractions. Respiration was 28 to the 
minute, but not labored or irregular. Pulse of poor quality, 
40 to 50 to the minute, quite irregular. The uterus, clearly 
outlined, reached to the umbilicus; otherwise no abdominal 
tumor was felt. Moderate abdominal distention with 
movable dullness in both flanks was noted. No external 
bleeding was present. 

Immediate treatment was limited to blood-transfusion 
and dextrose solution intravenously with opiates in ap- 
propriate dosage. The beneficial effects of the transfusion 
were evident immediately; pulse became regular and the 
rate increased to 70. 

February 14. The patient’s condition was improved; 
the pulse regular, 80 to minute, and of good quality. Pains 
still severe; vomiting, intermittent. X-ray plates showed 
gas in the stomach and in one loop of bowel, but noneunder 
the diaphragm; no evidence of a ruptured hollow viscus. 
Blood chlorides were 586 milligrams per cent. The patient 
was given 2000 cubic centimeters of dextrose solution (5 
per cent), intravenously. In response to an enema there 
was a small soft brown defecation. 
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February 15. Rhythmic pains continued at 5 minute 
intervals; persistent vomiting of a watery fluid tinged with 
bile and containing mucus. The cervix remained hard, 
elongated, closed. Urinary incontinence now present. Eye- 
lids were swollen, and there were small subconjunctional 
hemorrhages. Temperature was 98 degrees; pulse, 66; 
respirations, 18. Blood pressure was 120/80. Urine con- 
tained a heavy trace of albumin; acetone positive; diacetic 
negative. At 10:00 a.m. we agreed the abdomen should be 
explored, and permission was obtained for hysterectomy. 
The pre-operative diagnosis was, ‘missed abortion: toxemia 
of undetermined origin.” ; 

Operation. Anesthesia: subarachnoid block. Right para- 
median incision, umbilicus to symphysis. The peritoneum 
was opened and 500 to 1000 cubic centimeters of ascitic 
fluid poured out; it contained several gelatinous masses the 
largest 4 centimeters in diameter. The uterus, about the 
size of a 5 months’ pregnancy, was delivered through the 
incision and amputated with the pregnancy in situ to 
facilitate exposure, minimize the loss of blood, and diminish 
the risk of infection. The fetus 25 centimeters long was 
not macerated. 

Exploring the abdomen manually a massive cylindrically 
shaped intestinal tumor was found in the left upper quad- 
rant. The original incision was lengthened; then the re- 
sponsible pathological changes were recognized—an in- 
tussusception of the jejunum into the ileum. The diameter 
of the intussusception was approximately 4 inches; its 
length over 2 feet. The wall of the intestine which took 
part in the obstruction had become cyanotic, thickened, 
and edematous. 

Gentle pressure against the head of the intussusceptum 
was patiently continued. During the reduction, the serosa 


of the jejunum split transversely from over-distention in 
two zones. These lacerations were closed with catgut 
sutures. 

Then the gut was palpated, and a tumor was located 
within its lumen about 3 feet from the ligament of Treitz. 
A longitudinal incision of 2'% inches through the anti- 
mesenteric jejunal wall opposite the attachment of the 
pedicle exposed the tumor. Its diameter measured 1 inch; 
the diameter of the pedicle was one-fourth of an inch, its 
length 3 inches. The pedicle was severed at the proximal 
end, and its anchorage obliterated. The incision into the 
jejunum was closed in two layers. Abdomen was closed 
without drains. Transfusion was given on the table and 
intravenous dextrose after the patient reached her room. 

Pathological diagnosis by Dr. Roy Hammack: adenoma 
of small intestine. 

The convalescence was complicated by pulmonary mani- 
festations attributable perhaps to a small embolus, by 
thrombosis ef a vein in the lower left leg, and by a swelling 
at the right side of the neck, the origin of which was prob- 
lematical. The patient was dismissed from the hospital 
March 24 and subsequently regained strength slowly. She 
has now been restored completely to health except for 
slight edema of the left foot (November 20, 1936). 

INTESTINAL ADENOMAS 

On the basis of autopsy statistics, Willis cal- 
culated that benign tumors of the small intestine 
occur once in 400 subjects. During life they are 
recognized less frequently; from the Mayo Clinic, 
in 1933, Rankin and Newell collected 35 cases; 
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Specimen 


Fig. 3. Necrotic adenoma of the jejunum. 


17 of them never having caused symptoms were 
discovered at operations undertaken for other 
reasons. 

Adenomas which predominate among _ these 
neoplasms may be located anywhere in the bowel 
though the sites of predilection are its two ex- 
tremities; a significant distribution, because that 
portion of the small intestine which first forms in 
the embryo ultimately becomes the duodenum 
and the terminal ileum. Other facts, too, support 
the embryological origin of these neoplasms. For 
example, an adenoma was found in the duodenum 
of an infant coming to autopsy, for other reasons, 
a few days after it was born at the Johns Hopkins 
Hospital. Tarnowsky and Sarma treated an in- 
tussusception caused by jejunal adenoma in an 
infant of 4 months. Raiford records a tumor of 
this type and location in a child of 6 months, 
Joyce another in a young boy. Likewise, their 
occurrence in two members of the same family 
favors Cohnheim’s congenital theory. Van Dijk 
and Oudendahl report operations upon a young 
man and his sister for similar symptoms; a single 
jejunal adenoma was found in the woman, 3 in 
her brother. 

Upon occasion the same tumor has provoked 
intussusception repeatedly. Wilmoth’s patient 
experienced symptoms referable to this phenome- 





non on four occasions. Iason and Filberbaum re- 
port a case with 2 operations; Joyce another with 
3. With his patient gravely ill, Watts was com- 
pelled merely to reduce the intussusception. 
Within a week at a second operation he released a 
recurrent invagination and excised an adenoma. 
Later a third operation was required for resection 
of the terminal ileum containing a number of 
similar tumors. Many reports illustrate the 
prevalence of multiple adenomas, the most im- 
pressive being that of Officer: in a child g years 
old 41 adenomatous polyps were found at autopsy, 
scattered along the intestinal tract from stomach 
to rectum. 


MECHANISM OF INVAGINATION 


Where an intraluminal, pedunculated tumor 
is the provocative agent, the mechanism of in- 
tussusception becomes the simplest. Normal 
peristalsis apparently grips the tumor, as it would 
a bolus of food, and attempts to move it onward. 
The force of the tug transmitted along the pedicle 
pulls the wall of the intestine toward the lumen. 
If the traction be stronger than the resistance of 
the musculature which opposes it, a lateral in- 
vagination will become complete. But this plain 
hypothesis does not explain why intussusception 
occurs at one time rather than another. For that 
purpose we may imagine the development of 
“rush waves” which have been studied minutely 
by Meltzer and Auer, or some other extraordinary 
type of peristaltic activity. The stimulus which 
inaugurated the invagination in our patient must 
have been the hearty meal she ate the night be- 
fore. A coarse diet popular in Northern latitudes 
has been held responsible for a relatively high 
incidence of intussusception in certain countries, 
for example Finland. 

Here is the law of the intestine in Starling’s 
words, “stimulation at any point of the gut 
causes contraction above the point of stimulus, 
and relaxation below it.” This order of events 
permits invagination, and it will occur even 
though the existing conditions be purely physio- 
logical. Auer writes to us, “I have twice seen an 
intussusception form in the apparently normal 
small gut of the rabbit. The intussusception oc- 
curred in a matter of seconds; once it released it- 
self, spontaneously: the second time I released it 
manually after waiting a few minutes.” The 
phenomenon has actually been photographed by 
Alvarez in his film, “Intestinal Peristalsis.” 

Each of the factors in normal peristalsis, con- 
traction, and relaxation, has been singled out as 
the cardinal feature in the mechanism of intus- 
susception. At first Preyer (1677) announced the 
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paralytic theory; and two centuries later, Noth- 
nagel the spastic theory; both have had ardent, 
if partisan, support. A judicial attitude, how- 
ever, is voiced by Wilms in Der Ileus, the mag- 
nificent volume he contributed to Deutsche 
Chirurgie. From his own experiments, Wilms 
concluded that ‘“‘an energetic contraction of the 
circular fibers is the initial step in the mechanism 
of intussusception. This affords a fixed point for 
the next step, namely, the activity of the longi- 
tudinal fibers of the lower lying segment which is 
thus drawn upward to cover the contracted zone. 
If the requisite stimulus, purely local, acts simul- 
taneously upon circular and longitudinal fibers, 
then it becomes easy to understand how in- 
vagination takes place. ... There is no experi- 
mental evidence to show that paralysis of a part 
of the bowel is significant in the act of invagina- 
tion.” 

Growing recognition of the frequency with 
which intraluminal tumors cause invagination of 
the bowel has been an incentive to thoughtful con- 
sideration of the underlying mechanical problem. 
Hypothetical suggestions, of numerical import- 
ance, are not lacking; but as yet, no completely 
satisfactory solution has been offered. Heinonen 
is convinced that, if any of the theories suggested 
heretofore were correct, intussusception attribut- 
able to a congenital growth should never be de- 
layed until the period of middle life. During the 
intervening years, he believes, supplementary 
anatomical changes occur, changes which facili- 
tate invagination. A partial blocking of the in- 
testinal lumen, Heinonen argues, will lead to 
hypertrophy of the musculature above the ob- 
struction, atrophy below it. These developments 
favor intussusception, because they interrupt the 
transmission of nerve impulses essential to normal 
peristalsis. Imperfect nerve control, also, is con- 
ducive to the attenuation of the intestinal seg- 
ment below the tumor, a microscopic finding he 
has noted repeatedly. Relative to this hypothesis 
we have no evidence; the material required for 
study was not available. 


THE INTOXICATION OF ILEUS 


Everyone agrees that the intoxication incident 
to ileus becomes most pronounced when an ob- 
struction is located in the upper part of the small 
intestine. But opinions differ as to whether its 
manifestations are caused by specific poisons, or 
by alterations in the physicochemical composition 
of fluids that are normal constituents of our 
hodies. 

From closed loops of the upper bowel, Whipple, 
Stone, and Bernheim obtained a proteose-like sub- 
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stance which Sugito later isolated in crystalline 
form. It possessed toxic properties. In the ma- 
terial above a jejunal obstruction Nesbit identi- 
fied choline and neurine, Kukula, cadaverine. 
Dogs, thus obstructed in the experiments of 
Jensen and Firor, died in some instances within 
48 hours and in others lived for 7 to 8 days. Com- 
parable variations appeared in the composition 
and toxicity of the contents of the obstructed 
loop; sometimes choline, histamine, and cadaver- 
ine were plentiful, sometimes not. The variability 
was attributed to the bacteria which happened 
to be present. 

Of late, emphasis has been placed upon the 
physicochemical changes in the body-fluids of in- 
dividuals suffering from obstruction. The findings 
have been summarized by Guest and Andrus: (1) 
concentration of the blood; (2) increased non- 
protein nitrogen; (3) reduction of chlorides; (4) 
high carbon dioxide combining power; (5) loss of 
electrolytes, including bases and chlorine, a loss 
which reduces the ionic content of the body- 
fluids; (6) rapid general dehydration; (7) an in- 
crease of inorganic phosphates. 

As these phenomena suffice to explain the con- 
stitutional symptoms, including those referable 
to renal damage, it becomes unnecessary to pred- 
icate the absorption of poisonous material from 
the bowel. Nevertheless, such material has been 
demonstrated in closed-loop experiments; and like- 
wise in cases of intestinal gangrene. 

EFFECTS UPON PREGNANCY 

The toxemia associated with ileus creates a 
grave hazard for a pregnancy. High obstruction 
is more mischievous than low; procrastination in 
turning to surgical treatment augments the in- 
toxication. And the prognosis with intussuscep- 
tion becomes very grave, unless the necrotic seg- 
ment of bowel, after auto-amputation, is passed 
by rectum. This spectacular termination at- 
tended 6 of the 20 cases known to us. In 4 the 
event occurred during, or prior to, the sixth 
month of pregnancy; of these, 3 were delivered of 
viable infants near term. The fourth report does 
not tell how the pregnancy ended. Such pro- 
pitious results intimate that the obstruction was 
relieved promptly, several days before the slough 
of bowel was passed. The pertinent mechanism 
will be discussed later. It will suffice here to con- 
trast the fate of the fetus in these circumstances 
with its fate after more or less delay in turning to 
surgical relief of the mother. 

Reviewing nearly 300 pregnancies complicated 
by ileus of various kinds, Essen-Moeller found 
that the fetus perished in from two-thirds to three- 
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TABLE I 
During Pregnancy 
<= — Sn =—---- = —— 
No. | Date | Report by | Month | Cause | Treatment Mother Fetus 
: I ~ | 1870 ‘Steinhart | 4 | Tuberculosis? | Slough passed in stool Recovered Normal ; 
: at ay Bull 2-3 Tuberculosis | Slough passed in stool | Recovered ? i 
: - af 1885, ‘Robson nt 5 Undetermined _—| Resection | Died Undelivered ; 
- : 1888 | Wylie | a : Undetermined | Slough passed in stool | Recovered Normal - 
r 's " "1890 | Ayer * 6 “a Tuberculosis 7 | Slough passed in stool | Died ial | Premature a 
: ras "3890 | Crofton _| fur a Undetermined | Miscarriage ee Did t—~™t Died - 
| 1894 |Geissler | 2 | Jejunalmyoma | Abortion = | ‘| Died | Died 7 
"8 | 1908 | Williams | ? | Tuberculosis | Resection | ~~ ‘(Died ‘| Undelivered 
9 | 1920 | Kohler ~ | 8-9 | Undetermined | Vaginal section and laparotomy | Died =| Died 
“10 | 1922 | Dietrich | 7 | Undetermined | Resection | ~~~ ~‘|Recovered (| Normal 
11 | 1925 |Stork | 9 | Undetermined | Cesarean. Intestinal resection | |Died |Died 
12 | 1936 | Authors’ | 6-7 | Jejunal adenoma | Hysterectomy. Reduce invagination. | Recovered __| Removed in utero 
Excise tumor 
Labor 
13 1888 | Ibba Term Tuberculosis? _ | Slough passed in stool ones | — ) Normal — 
ag gg eg Feng erence rome eres Saggy 
Puerperium 
15 1874 ; Ponfick Term | Adhesions None | Died \? 
16 1379 ‘Krabbel Term Tuberculosis : ; Slough passed need ee ‘Died Gotoh oe 
17 i shoe: ‘Ceerny Term Dadstennined: 4 Resection . Died — | ‘Normal. ae 
18 | 1920 | Kohler Term | Undetermined | Resection = — ~'|Died = ~—*| Normal = 
19 | 1932 | Maxwell | Term | Undetermined _| Resection ~ |Died ~~ ~'|Normal 
ee aes ee ee 





fourths of the cases. His statistics included still- 
births, infant deaths after spontaneous delivery, 
and deaths due to the premature termination of 
pregnancy by artificial means. With respect to 
intussusception during gestation, omitting the 
instances of spontaneous anastomosis, we have 8 
pregnancies for consideration. Among them 1 in- 
fant was born alive; 3 were stillborn; 2 pregnancies 
ended by abortion; 2 mothers died undelivered. 

The maternal mortality in this series of 20 cases 
(Table I) was at least 75 per cent. The ultimate 
result was not given in one instance (Bull). In 
two (Steinhart and Wylie), after passing necrotic 
bowel at the fourth and sixth month, respectively, 
the mother was delivered spontaneously near 
term and subsequent developments were not re- 
lated. Dietrich cured his patient permanently 
by a massive resection and our own recovered. 
On the other hand, a fatal termination was re- 
corded explicitly in 15 instances. 


TUBERCULOSIS 


The presence of tuberculosis in several instances 
warrants comment. Williams’s case was shown 





to be due to a tuberculous ulcer. Porak’s patient 
had been treated for pulmonary tuberculosis in 
an institution. The autopsy upon Ayer’s case dis- 
closed tuberculosis of the lungs, liver, and in- 
testines. Krabbel’s patient had cavities in both 
lungs. Circumstantial evidence points toward 
tuberculosis in the cases of Steinhart, Bull, and 
Ibba. Among all the patients who passed in- 
testinal sloughs that of Wylie alone gives no hint 
of the fundamental etiology. The association of 
tuberculosis with spontaneous anastomosis is 
surely more than a coincidence. 

Enteric ulceration facilitates spontaneous cure 
of an intussusception, because the ulcer which 
provides “‘the fixed point’’ of the mechanism hav- 
ing already suffered tissue loss establishes an 
area of low resistance. The nutrition of the thin 
tissue at its base becomes further impaired, im- 
mediately the blood supply is reduced by vascular 
compression within the intussusception. Per- 
foration of the ulcer may transform a complete 
into an incomplete obstruction. Then progres- 
sive necrosis will widen the aperture, restoring the 
lumen of the bowel, more or less effectively. And 
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the anatomical relations are such as to protect the 
peritoneal cavity from contamination, for the 
ulcer pertains to the intussusceptum, ensheathed 
within the intussuscipiens. 

Meanwhile, at the neck of the intussusception, 
has been initiated the pressure necrosis which 
amputates the sloughing cylinders under con- 
ditions favoring auto-anastomosis. This hy- 
pothesis does not assume the ulcer to be at the 
head of the intussusception. That is not essential. 
Treves described a specimen in which the perfora- 
tion was located in the inner and middle cylinders, 
some distance above the apex; and at autopsy 
fecal material followed a channel downward be- 
tween the intussuscipiens and the intussusceptum. 
Incidentally, this authority regards auto-anasto- 
mosis aS an imperfect device; hemorrhage, 
cicatricial stenosis, or perforation follows cus- 
tomarily. 

The passage of sloughs has also been observed 
when intussusception was duc to an inverted 
Meckel’s diverticulum (Bockoven), tape-worms 
(Thompson), and lesions of the large intestine 
(Walton). In all these incidents, which happened 
to men, the degree of occlusion was merely partial. 
Again, Charles Mayo has reported sloughing of 
an intussusception subsequent to enterostomy 
upon a boy too ill fer radical treatment. Ap- 
parently, incomplete obstruction is a pre-requisite 
of auto-anastomosis. 


DIAGNOSIS 


The patient should give a helpful history, since 
tumors that invoke intussusception cause pre- 
liminary ailments, customarily, but these may be 
trivial and easily forgotten; or, if severe, attrib- 
uted toa dietary indiscretion. The information the 
physician obtains relates ordinarily to the intus- 
susception alone, the acute manifestations of 
which he has been called to treat. 

The attack begins with the vomiting of food, 
later of a bile-stained fluid. Cramps at regular 
intervals defy accurate localization, for the pain 
usually is diffuse and radiating. Constipation 
prevails, yet evacuations of blood and mucus 
occur in 80 per cent of the cases. The tempera- 
ture, pulse, and respirations are not character- 
istic; if shock occurs, the time of its appearance 
is inconstant. As a rule, the abdomen becomes 
moderately distended; tenderness is slight. A 
tumor, typically in the umbilical region, becomes 
palpable in 25 per cent of the enteric cases. No 
diagnostic finding carries more weight, though it 
does not exclude volvulus. The size of the tumor 
varies from patient to patient, also from time to 
‘ime in the same individual. Hard, movable, 
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Fig. 4. Photomicrograph of the necrotic adenoma. 


painful, the most characteristic feature of the 
tumor is its shape, a sausage with concavity to- 
ward the mesentery. 

Rhythmic abdominal pains associated with 
intussusception imitate the familiar phenomena 
of parturition; and the two situations, co-existent, 
forbid distinction. Accurate diagnosis during 
pregnancy also proves impossible; unless the ob- 
structed bowel becomes palpable, as in the cases 
of Mayo-Robson and of Dietrich. With our pa- 
tient the tumor, displaced upward beyond the 
costal margin, remained undemonstrable. Neither 
was blood passed by rectum. 

Roentgenography is apt to be curtailed by cir- 
cumstances precluding the use of a barium meal. 
However, even with that technique incorrect 
inferences have been drawn. Higgins made a 
diagnosis of pyloric stenosis, and operation re- 
vealed a jejunal adenoma causing intussusception. 
Mansell found flat plates useless, and so it was 
with Gatersleben and others including ourselves. 

Rarely, the roentgenologist has made a correct 
diagnosis of intraluminal tumor prior to intus- 
susception. Adjacent adhesions assisted Marr 
and Marxner in locating the lesion, after barium 
administration. More precisely, Waters recog- 
nized a duodenal papilloma from its association 
with a vacuolated type of filling defect. But, such 
assistance is exceptional. The limitations im- 
posed upon barium studies—the difficulty of fill- 
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ing the whole of the small intestine, its mobility, 
and the presence of superimposed loops—seri- 
ously hamper exact localization. 

Speaking of intussusception invoked by an 
intraluminal tumor, Raiford reached this sound 
conclusion: “the clinician must rely upon the 
history and the physical examination of the pa- 
tient, content to miss the recognition of a tumor, 
the differentiation of volvulus from strangulation, 
even to be uncertain of obstruction, if his judg- 
ment be so good as to insist upon abdominal ex- 
ploration.”’ ETC 

TREATMENT 

The treatment of intussusception is a matter of 
agreement and requires the briefest statement 
here. Surgery alone is orthodox; if reduction 
proves impossible, resection becomes imperative. 
Moreover, the presence of pregnancy places upon 
the surgeon additional responsibilities; some senti- 
mental, others of the utmost practical significance. 
All relate to the question: What shall be done 
about the fetus? 

Contemporary obstetrical teaching with re- 
spect to the complication of ileus holds that de- 
livery should be effected by cesarean section, pro- 
vided the mother is near term; otherwise, the 
pregnancy should be left alone. The wisdom of 
applying this rule strictly to cases of intussus- 
ception is doubtful. We are confronted there 
with a severe intoxication, especially when the 
obstruction lies in the upper part of the small 
intestine. And we must take into account not 
only its immediate relief but also 2 other con- 
tingencies, the possibility of a speedy onset of 
labor, and the postponed birth of a dead fetus. 

The sequence of needful surgical procedures 
should be determined at the outset, and whatever 
treatment the pregnancy will receive must be 
executed first. It has become axiomatic that an 
unwarrantable risk attends cesarean section to- 
gether with an incidental appendectomy. A still 
greater risk will be assumed whenever intestinal 
anastomosis immediately precedes cesarean sec- 
tion. 

The chances of postoperative miscarriage, or 
some other untoward event, can never be ac- 
curately foretold. Upon the strength of the pa- 
tient, the period of obstruction, the character and 
magnitude of the surgical procedure required to 
restore intestinal function—upon these details, 
and others, the outcome will depend. Therefore, 
the policy pursued should fit the circumstances. 
And the gravity of intussusception during preg- 
nancy justifies any sacrifice that will favor the 
survival of the mother. For adopting another 
attitude in a case of mechanical obstruction, 
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Noble expressed deep regret. ‘‘My difficulty,” he 
wrote, “of finding anything in the abdomen ex- 
cept the seventh month pregnant uterus and the 
difficulty of dealing with the adherent bowel, 
when we did find it, makes me believe it would be 
wise in such a case to do the hysterectomy 
promptly.” 

Our views are in harmony with those just 
quoted. Yet we would not be misunderstood. 
We do not advocate cesarean section, with or 
without removal of the uterus, in every case of 
intussusception. Our conviction is that the 
treatment should be chosen, without prejudice, 
to afford the pregnant woman an opportunity to 
recover, as nearly as possible, like that given one 
who is not pregnant. 


SUMMARY 


There are 20 known instances of intussus- 
ception associated with childbearing: 12 during 
pregnancy, 2 at the time of labor, 6 in the puer- 
perium. Tumors were twice found within the 
bowel. Probably such neoplasms were over- 
looked in some of the cases with undetermined 
etiology. 

Among those who passed sloughs of bowel the 
frequency of tuberculosis is impressive. A per- 
forated ulcer in the intussusceptum may serve 
partially to re-establish continuity of the intes- 
tinal canal. Meanwhile, pressure necrosis am- 
putates the inner cylinders and auto-anastomosis 
proceeds. Often the sequel is hemorrhage, perfora- 
tion, or cicatrical stenosis. 

The symptoms of intussusception resemble the 
classical manifestations of parturition and baffle 
differential diagnosis. 

At operation the moot question is: What shall 
be done about the pregnancy? The surgeon 
should aim primarily to give the mother the best 
chance of recovery. If the uterus will receive any 
treatment, this must be the first step. With ref- 
erence to lowering the maternal mortality, prompt 
abdominal exploration will be still more in- 
fluential. 

Death of the mother is mentioned in 15 reports; 
her recovery after operation in two. Three pa- 
tients who passed necrotic segments of intestine 
reached term. Early publication of these emo- 
tional narratives goes no farther than the delivery, 
except in one instance where the mother became 
a semi-invalid. 

The fetus perished in 7 of the 12 cases pertain- 
ing to pregnancy; and in 1 of 2 cases of intussus- 
ception during labor. In the puerperium, of 
course, maternal ileus has no direct bearing upon 
the infant. 
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PRINCIPLES OF PNEUMOLYSIS 





J. W. CUTLER, M.D., Philadelphia, Pennsylvania 


HE intrapleural severance of adhesions 
to close cavities introduced by Jaco- 
baeus in 1913 is a surgical procedure of 
increasing importance in the treatment 
of pulmonary tuberculosis. Its field of usefulness 
is steadily widening with the result that larger 
numbers of patients participate in the benefits re- 
sulting from effectual pneumothorax therapy, and 
the prognosis of advanced tuberculosis has been 
materially improved. Although the operation is 
still regarded by some as a dangerous and difficult 
one with limited indications and to be undertaken 
only after weighty consideration, recent develop- 
ments of new and improved instruments with 
concomitant simplification of technique should 
make intrapleural pneumolysis a common pro- 
cedure and one to be employed as a matter of 
choice wherever it can shorten convalescence, 
render open cases negative more quickly or sim- 
plify the pneumothorax treatment by eliminating 
the necessity for positive pressure refills and per- 
mit longer intervals between refills. The evolu- 
tion of this operation thus parallels that of pneu- 
mothorax treatment itself in that the trend is to 
employ it early in the course of treatment and to 
widen its indications. 
INDICATIONS 
The frequency with which the operation is 
thought to be indicated will vary with the ex- 
perience, judgment, and enthusiasm of the indi- 
vidual physician. It will also vary with the type 
of patient placed under treatment as adhesions 
that are likely to interfere with a satisfactory 
collapse are naturally encountered more fre- 
quently in advanced cases. Figures given in the 
literature range from 2 to 80 per cent. My own 
experience leads me to believe that the operation 
is indicated in 20 to 30 per cent of pneumothorax 
patients in whom adhesions are demonstrable in 
the x-ray examination. These figures include 
some adhesions which would in time probably 
stretch sufficiently to permit closure of cavities, 
but surgical interference would permit an earlier 
and more probable return to health. The follow- 
ing experience will serve as an example: 


Case 1. D. G., white, male, 26 years of age, was first 
given pneumothorax treatment for advanced tuberculosis 


From the Henry Phipps Institute and Graduate Hospital of the Uni- 
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of the left upper lobe with cavity formation and positiy 

sputum on June 2, 1932. An apical cord adhesion was en 
countered, which prevented closure of the cavity. Th 
adhesion, however, stretched continuously under the pres 
sure of the induced pneumothorax and it was hoped that 
in time it would permit complete closure. By March, 1933 
9 months after the induction of the pneumothorax, the 
adhesion had stretched to 9 centimeters. In the meantime 

however, the cavity had increased in size and now meas 
ured 4 by 3.5 centimeters. The patient developed a series 
of severe hemoptyses and there was an extension of the 
disease into the right or “good” lung. It was, therefor 

not thought wise to postpone surgical intervention longer, 
and on March 30, 1933, I severed the adhesion with the 
operating forceps thoracoscope (Fig. 7) without difficulty 
There was a mild postoperative reaction for a few days 
after which the cavity promptly closed. Bilateral pneu 
mothorax was later induced to control the disease in the 
right lung. The patient’s general condition has steadily 
improved and for the past 24 years he has been working 
and self-supporting. There has been no recurrence of 
hemoptysis. The sputum is persistently negative for tu 
bercle bacilli. 


A critical analysis of this case in the light of its 
history shows that a /aissez faire management was 
in fact not without danger. Doubtless, the ad- 
hesion would have continued to stretch, and, 
given enough time, the cavity would probably 
have closed without surgical intervention. But 
meanwhile the disease was progressing in both 
lungs and hemoptysis had occurred, indicating 
the risk involved in delay. Moreover, the ease 
and safety with which the adhesion was eventu- 
ally severed suggest that the patient might readily 
have been saved months of invalidism and con- 
siderable expense if pneumolysis had been under- 
taken much earlier in the course of his illness. 

In addition to the recognized need to sever ad- 
hesions which mechanically prevent or delay the 
closure of cavities, other indications are now con- 
sidered, even though the cavity be closed by the 
pneumothorax. This is particularly true of string 
or cord adhesions that extend from the lung to 
the chest wall in the upper third of the pleural 
cavity. A considerable number of these adhesions 
act as a strong counter-pull to the force of the 
pneumothorax and not infrequently necessitate 
positive intrapleural pressures to maintain the 
collapse. The amount of air that can be given 
under such circumstances at any one time is 
limited and frequent refills become necessary. 
Furthermore, in order to maintain such a pneu 
mothorax, one is forced to collapse considerably 
more of the healthy area of the lung than woul: 
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therwise be necessary with the danger that the 
increased work forced upon the contralateral lung 
jay activate a quiescent lesion. The severance of 
-ach adhesions is usually not difficult and as a 
iule is not followed by any serious complications 
and in most instances is preferable to the main- 
ienance of a difficult pneumothorax. With the 
\\ung released the intrapleural pressure is reduced, 
« better selective collapse results, and the interval 
o! refill can often be lengthened. This is good 
treatment and in itself warrants surgical inter- 
erence. In addition to these advantages the 
severance of some adhesions will result in the cor- 
rection of a mediastinal hernia or the elimination 
of aching sensation of which some patients com- 
plain in the region of stretched adhesions. Some 
operators even advocate the severance of adhe- 
sions as a general procedure on the ground that 
the resulting increase in collapse insures a more 
solid fibrosis and a safer healed lesion in the end. 
More conservative opinion, however, would avoid 
surgery in the absence of more definite indications. 


THE OPERABILITY OF ADHESIONS 


The easiest and safest adhesions to sever are 
strings and cords. Bands come next. The#nost 
difficult and dangerous are apical caps where the 
entire apex of the lung is adherent to the chest 
wall. Unfortunately apical cap adhesions account 
for at least 50 per cent of all uncollapsed cavities. 
They often overlie stiff walled cavities that have 
existed for years with the parietal pleura or cap 
making up part of the cavity wall. The danger of 
empyema, of marked pleural reaction, or spon- 
taneous pneumothorax is definitely increased if 
this operation is attempted in such cases. Even 
if the adhesion can be severed successfully the op- 
eration must be done in stages, and success is 
achieved only after expenditure of much time and 
effort. Some of these patients are better suited for 
thoracoplasty or external pneumolysis and plomb- 
age. However, if the latter are contra-indicated 
an attempt at closure of such cavities should be 
made with internal pneumolysis, provided the 
mechanical difficulties involved are recognized 
and the operator is skilled in the proper surgical 
procedure. Sometimes the operator is rewarded 
with a brilliant result in an apparently hopeless 
case (Figs. 1, 2, 3, 4). 

Mixed adhesions may consist of any combina- 
tion of strings, cords, bands, folds, and apical caps. 
Every case is a problem in itself and the oper- 
ability will depend largely on the individual prob- 
lem encountered. 

In this connection it should be emphasized that 
it is not always possible to determine beforehand, 
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even after the most painstaking x-ray and fluoro- 
scopic study, whether a given adhesion is or is not 
suitable for operation. As a general proposition 
adhesions are usually more numerous and exten- 
sive, and the operation more difficult, than the 
preliminary x-ray studies suggest. In cases of 
doubt it is better to look into the chest with the 
diagnostic thoracoscope and study the mechanical 
problem directly. Thus with but slight incon- 
venience to the patient, one can convince oneself 
that the adhesion is inoperable or on the other 
hand that a complete collapse can be obtained in 
cases previously not considered perfectly suitable. 
One must also keep in mind that as we accumu- 
late more and more experience, and mechanical 
difficulties are surmounted with the development 
of new and better instruments, many adhesions 
that prove troublesome today will be a matter of 
routine surgery in the future. 


PRINCIPLES OF PROCEDURE 


If intrapleural pneumofysis is to be carried out, 
obviously there must be a sufficiently large pneu- 
mothorax space to permit safe instrumentation, 
and the adhesion must be one that can be severed 
safely. In addition certain principles of procedure 
or working rules must be kept in mind. 

The first is not to attempt surgery too soon. At 
least 2 to 3 months should elapse after pneumo- 
thorax therapy has been instituted before under- 
taking this operation, even though it becomes ap- 
parent that the adhesion will have to be severed. 
There are several advantages in postponing sur- 
gery for this period of time. The more the adhe- 
sion is permitted to stretch the simpler will the 
mechanical problem become. It is obvious that 
the longer the adhesion, and consequently the 
greater the space between the lung and the chest 
wall, the less the danger of cauterizing lung. An- 
other advantage is the avoidance of pleural re- 
action. During the first few months of pneumo- 
thorax treatment, the pleura is quite sensitive. 
It is mainly during this period that troublesome 
effusions occur. It is also during this period that 
the absorptive power of the pleura for air is great- 
est, requiring refills at frequent intervals. To 
operate during this sensitive stage is to invite 
pleural reaction and probable loss of pleural space. 

Another important reason for postponing sur- 
gery during the early months of pneumothorax is 
to permit time to determine if certain adhesions 
will stretch sufficiently to be of little or no me- 
chanical importance with no clear cut indication 
for surgery, thus avoiding unnecessary surgery. 

The second principle for intrapleural pneu- 
molysis follows from the first, and this is not to 
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wait too long. Unnecessary delay should be 
avoided as conditions may not always remain fa- 
vorable. Adhesions have been known to change 
their anatomical appearance, and, instead of 
stretching and becoming narrower and easier to 
handle, may become thicker and wider with 
shortening of the adhesion and consequent ex- 
pansion of the lung. Prolonged waiting for ad- 
hesions to stretch sufficiently to permit closure of 
cavities cannot be considered good judgment and 
is unwarranted in the light of accumulating ex- 
perience. A good working rule is to fix 3 to 6 
months as the upper limit to postpone surgical in- 
terference. Adhesions are usually stretched all 
they can reasonably stretch within this time, and 
nothing further will be gained in the average case. 

A third principle is the fact that it is usually not 
necessary to sever all adhesions in order to close a 
cavity completely and not always necessary to cut 
through all of one adhesion. Adhesions often 
yield surprisipgly, once they have been weakened 
sufficiently by electrosurgery. When the points 
of greatest tension have been released, properly 
spaced pneumothorax refills will in time accom- 
plish the desired result (Figs. 1, 2, 3, 4). 

A fourth working rule is not to do too much at 
one cutting. Postoperative reactions and conse- 
quent hospitalization in many cases can be re- 
duced by performing the operation in stages. The 
same principles hold here as in thoracoplasty. 
Tuberculous patients can often stand consider- 
able surgery if too much is not done at one time. 

A fifth working rule is to support the contra- 
lateral lung with a phrenic nerve operation or a 
partial pneumothorax if there is active disease in 
the better lung before undertaking intrapleural 
pneumolysis in complicated cases. If this pre- 
caution is not taken there is grave danger of a 
serious spread of the disease in the contralateral 
lung following the pneumolysis. This may not 
only mean prolonged convalescence but a lost 
opportunity for recovery. 


COMPLICATIONS 


Like all surgical procedures intrapleural pneu- 
molysis has its dangers and complications. The 
risk is naturally greater with the more trouble- 
some adhesions. These dangers and complica- 
tions can be materially reduced or minimized by 
the adoption of the single cannula technique, the 
use of electrosurgery instead of galvanocautery, 
the possession of the necessary skill and judgment 
on the part of the operator, and efficient post- 
operative care. Operative mortality is low, less 
than 1 per cent, and usually results from spon- 
taneous pneumothorax, either from cauterized 
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lung or the tearing of a partially severed adhesio 

following injudicious postoperative pneumothora , 
refills. Other complications are severe pleural rc 

actions, tuberculous empyema, hemorrhage, an:| 
loss of pneumothorax space. Pleural reactions 
can be avoided by not doing too much at one timc, 
by the use of electrosurgery instead of galvano 

cautery, and by postponing surgical intervention 
for at least 2 to 3 months after the pneumothorax 
has been instituted. Tuberculous empyema is as 
a rule not a serious complication and in time 
clears up under proper treatment. It can not al- 
ways be avoided as some adhesions harbor tu- 
bercles (Fig. 5). Its probability should not serve 
as a contra-indication. Hemorrhage can be 
avoided or controlled by proper operative tech- 
nique. The same is true of loss of pneumothorax 
space. Subcutaneous emphysema is not an im- 
portant complication, is never serious, and needs 
no treatment. 


TECHNIQUE 


A few words on operative technique are de- 
sirable. In the original Jacobaeus technique, 
which with certain modifications is still practiced 
by most operators, the thoracoscope is intro- 
duced in the pleural cavity through one cannula 
and the cutting electrode through another cannula 
at another point in the chest wall. The cautery 
must thus be manipulated at a distance from the 
point of vision. The complexity of this procedure 
has deterred many from undertaking the opera- 
tion. It has also limited the usefulness of the pro- 
cedure to certain types of adhesions. The time 
of the operation is also unduly prolonged. 

In the author’s single cannula technique all 
instrumentation is through a single opening into 





Fig. 1. Bilateral advanced tuberculosis with cavities in 
both apices. Pneumothorax therapy established on left. 
The large cavity in the left upper lung is adherent over a 
wide area. A typical example of an apical cap adhesion. 

Fig. 2. Semidiagrammatic illustration of apical cap ad- 
hesion and small cord as seen at time of operation through 
thoracoscope. The apical cap makes up part of the cavity 
wall and in most instances cannot be severed. In this 
instance the free margin of the apical cap could be severed 
for a distance of one-half inch. The cord adhesion was also 
severed. 

Fig. 3. Shortly after severance of the cord and the free 
margin of the apical cap adhesion. The subsequent pneu- 
mothorax refills gradually stretched the remainder of the 
cap adhesion and permitted complete closure of the cav- 
ity (Fig. 4). 

Fig. 4. The large cavity in the left upper lobe is now 
completely closed. This is an excellent example of the value 
of partial pneumolysis and well illustrates the principle 
that it is not necessary to sever all adhesions nor all of one 
adhesion to close cavities. Adherence to this rule will often 
yield surprising results in otherwise hopeless cases. 
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Fig. 5. Microscopic section of a caseous tuberculous 
area in a small cord adhesion studied by Dr. E. R. Long. 
Tuberculous empyema may follow the severance of such 
an adhesion. 
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Fig. 7. 
thoracoscope. 
until it is thoroughly coagulated and severed. 





Cord adhesion within grasp of jaws of forceps 
The adhesion is held firmly in plain view 






























the chest, usually through the second anterior 
interspace. The telescope, light, and electrode 
are combined in one simple instrument. Conse- 
quently there is greater facility in reaching and 
severing adhesions and a greater degree of safety 
in performing the operation. As a result an in- 
effectual collapse can be made effectual more 
readily and accordingly use of this operation has 
been widened to include many cases formerly con- 
sidered unsuitable. The original instruments have 
been steadily improved and new instruments 
added to meet special problems in technique so 
that a complete set is now available to meet al- 
most every mechanical problem. The most im- 
portant single instrument still remains the Cutler 
operating forceps thoracoscope, which can be em- 
ployed in more than 8o per cent of all operable 
adhesions (Fig. 6). This instrument enables the 
operator to grasp the adhesion within the jaws of 
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Fig. 6. The Cutler operating 
forceps thoracoscope. This in- 
strument is the basis of the 
author’s single cannula tech- 
nique and is suitable for 80 per 
cent of operable adhesions. It 
has materially simplified the 
operation, widened its useful- 
ness, and increased the safety 
factor. 





A wide band adhesion within grasp of the for 
ceps jaws. Large difficult adhesions can be handled with 
ease and safety by severing the adhesions in small bites. 


Fig. 8. 
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the forceps and hold it firmly in plain view until 
the adhesion is thoroughly coagulated and severed 
(Figs. 7, 8). Coagulation, dehydration, and cut- 
ting are done as a continuous process by a low 
current acting through a single wire electrode of 
moderate thickness. The source of current is the 
vacuum tube type of high frequency machine. 
Other basic instruments are the diagnostic 
transilluminating telescope for the inspection and 
transillumination of adhesions, the thoracotome 
and curved electrodes for short adhesions and for 
enucleation where there is not sufficient space be- 
tween lung and chest wall for the safe application 
of the jaws of the forceps thoracoscope, and cer- 
tain accessories to meet unusual problems and 
complications. Most of these instruments have 
been described in detail in previous publications. 


SUMMARY 


Intrapleural pneumolysis is a surgical proce- 
dure, introduced by Jacobaeus in 1913 for the 
severance of adhesions which prevent the closure 
of tuberculous cavities during the course of arti- 
ficial pneumothorax treatment. Its judicious use 
has materially improved the prognosis of ad- 
vanced tuberculosis. 

Like all surgical procedures in tuberculosis, it 
has been introduced slowly and somewhat. dubi- 
ously. The original technique of Jacobaeus was diffi- 
cult and in some respects dangerous, and for some 
time relatively few men could perform the op- 
eration. Today with improvements in technique 
and instruments, the operation has been simplified 
and made relatively safe, and the number and 
severity of operative and postoperative complica- 
tions have been very much reduced. Its field of 
usefulness has thus been so enlarged that, on the 
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one hand, it may be applied to the more difficult 
cases, and, on the other hand, it need no longer be 
regarded as an emergency measure. In the light 
of present experience it is, therefore, possible to 
weigh other considerations than necessity in de- 
ciding for or against pneumolysis. The ques- 
tions at issue are whether or not convalescence 
can be materially shortened by surgical inter- 
vention, whether positive sputum can be made 
negative more quickly, and, finally, if the risk 
of operation is less’ than the risk of passive 
management. 

On the basis of these considerations it is es- 
timated that intrapleural pneumolysis can be 
employed to advantage in 20 to 30 per cent of 
tuberculous patients of the general type in which 
a pneumothorax can be established. This should 
make the operation a relatively frequent proce- 
dure. There are a number of principles of proce- 
dure that should be a guide when considering 
intrapleural pneumolysis. These principles are 
discussed in detail and illustrated with typical 
case histories and x-ray findings. 

Briefly stated they are not to operate during 
the first 2 to 3 months of a pneumothorax, not to 
wait much longer than 4 to 6 months, not to at- 
tempt too much at one cutting, to support the 
contralateral lung if it is the seat of active disease 
with a phrenic nerve operation or a partial pneu- 
mothorax before undertaking a difficult intra- 
pleural pneumolysis, and to keep in mind that it 
is not necessary to sever all adhesions or even all 
of one adhesion in order to close cavities. 

The complications of the operation are dis- 
cussed in brief and the importance of operative 
technique and painstaking postoperative care in 
their avoidance is stressed. 

















































SPINAL FIXATION ULTIMATE RESULTS IN FOUR CASES 


WITH POTT’S DISEASE, VERIFIED AT A 
SECONDARY OPERATION 


W. ACKERMANN, M.D., New York, New York 


N THE period January, 1925, to September, 
1929, about 120 spinal fixations for Pott’s 
disease were performed. Three of the 
patients were subjected to secondary oper- 

ation, the reasons for which are given in this 
article. A fourth patient, who also had a sec- 
ondary operation, had the primary operation at 
the Ruptured and Crippled Hospital in New 
York, according to Albee’s method. In all Sea 
View Hospital cases, however, patients were 
operated upon according to Hibbs’ method, 
which is briefly described as follows: 

A median incision is made directly over the tips 
of the spinous processes, it passes through the 
skin, fascia, the supraspinous ligaments and 
periosteum and extends somewhat above and be- 
low the immediately involved region. The in- 
cision divides the periosteum in the median line, 
over the spinous processes. The periosteum is 
incised over both the upper and lower prominent 
posterior margins of the spinous processes (that is 
throughout their length) as well as along the 
upper and lower borders of the lamine after 
which the individual sheets of periosteum are 
stripped back with a periosteal elevator, to the 
bases of their respective transverse processes. 
Bleeding is controlled during this state by pack- 
ing with gauze. The lateral articular processes 
at the bases of the transverse processes are ex- 
posed and curetted for the purpose of contributing 
arthrodesis to the ankylosis of the periosteo- 
osseous parts. The spinous processes are then 
partially fractured, transversely, near their bases, 
by bone pliers, or by chisel, after which the 
partially freed but still connected spinal tips are 
transposed downward in such manner that the 
partly severed base of each remains in contact 
with its own base and its tip with the side of the 
partly severed base next below. From the 
posterior surfaces and borders of the lamine 
which have been freed of periosteum earlier in 
the operation small platelets of bone are partially 
detached by chisel, but are left hinged at their 
opposite ends, and are then broken backward 
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and so disposed as to overlap the raw bony sur- 
face left upon the laminz next below by turning 
down a platelet of its outer surface. The space 
between them is bridged. Finally, the tempora- 
rily, outwardly displaced small sheets of perios- 
teum, together with the medially divided supra- 
spinous ligaments, are brought together about 
the rearranged bony fragments and sutured tube- 
like over them, by buried chromic catgut. The 
fascia and skin are then united by interrupted or 
continuous suturing and a dressing is applied. A 
steel brace immobilizes the spine without pressure 
over the wound. I have seen about a hundred 
cases with good results without any brace im- 
mobilization. The patient remains in bed from 8 
to 10 weeks; sits up for 4 weeks; and begins walk- 
ing at the end of 12 weeks. The brace is worn 
continuously from the beginning until a month 
after walking is resumed, after which it is dis- 
continued for a part of each day and then 
gradually entirely discontinued. 

In the fourth case of this series (for the first 
operation only) Albee’s method was employed. 

In this procedure the involved weakened region 
of the spine is stiffened and solidified by a tech- 
nique which also amounts to a spinal fusion as in 
Hibbs’ method, but which is accomplished by 
implanting a bone graft taken from the tibia, 
between the medially split spinous processes of 
the portion of the spinal column involved. 


CASE REPORTS 


Cast t. W. H., a boy, aged 18 years at the time of ad- 
mission to the hospital. He had had infantile paralysis in 
infancy but no serious illness in adult life. Eighteen 
months prior to admission, an abscess appeared on the 
back, and was followed by severe pain; gradually a sensa- 
tion of anesthesia developed throughout the lower ex- 
tremities. He was treated by chiropractors and several 
physicians, and as his lower extremities became completely 
paralyzed, he continued treatments at various clinics with- 
out result. 

August 3, 1936, he entered the Sea View Hospital, and 
the following diagnosis was made: 

Chronic pulmonary tuberculosis (inactive), valvular 
lesion, Pott’s disease of dorsal spine involving sixth dorsal 
to ninth dorsal vertebre inclusive, with abscess, and 
Brown-Séquard’s paralysis with partial incontinentia alvi 
and urine. General condition of patient was fair. He first 
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received treatment by traction without success. Hibbs’ 
fusion August 13, 1926, extended from the fourth dorsal 
to the eleventh dorsal vertebra, inclusive. 

His condition did not improve, however, after the 
operation, and the paraplegia became more spastic. It 
was then decided to perform a laminectomy, which was 
carried out on December 17, 1926. During this operation 
the opportunity was taken to expose the previously fused 
area, and there could be no doubt of the accomplished 
fusion which had taken place. After this operation 
paraplegia seemed to be improving for some time, as 
patient noticed some sensation in his lower extremities. 
As time went on, however, the general condition of patient 
became worse—he developed, in addition, a tuberculosis of 
his right hip, as indicated in Figure 1. Roentgenograms of 
the spine taken at the same time, show an increase in size 
of the abscess shadow. The destruction of the spine also 
seemed to have progressed (sixth to tenth dorsal vertebrz) 
as indicated in Figure 2. A general amyloidosis with 
anasarca developed and on May 27, 1928, patient died. 

Case 2. M. A., a young woman (colored) aged 30 years 
at the time of admission July 27, 1927, gave a definite 
history of having had pain in her back (dorsal region) 
since June, 1926, the condition gradually becoming worse 
and more painful; no complaints to the respiratory tract. 
A diagnosis of tuberculosis of spine (Pott’s disease with 
abscess) and chronic pulmonary tuberculosis (inactive) 
was made and these facts were verified by roentgenograms 
(Figs. 3 and 4) which show an arched kyphosis in lower 
part of dorsal spine, an extensive destruction of the ninth, 
and a partial destruction of lower end of the eighth dorsal 
vertebra. An abscess shadow is seen extending from the 
seventh to the twelfth dorsal vertebra. As pulmonary 
findings did not disclose any definite activity, a Hibbs’ 
fusion was performed August 23, 1927, from the sixth to 
the twelfth dorsal vertebra, inclusive. The postoperative 
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Fig. 3. Case 2. 








Fig. 1. Case 1. 


course was satisfactory until about the end of October, 
1927, at which time the patient developed spasm of both 
legs, positive Babinski, and clonus. These symptoms were 
gradually getting worse, and November to, a complete 
paraplegia developed. A neurological examination dis- 
closed a lesion in the cord at the level of eighth dorsal, 
double Babinski, clonus, and absent abdominal reflexes. 
Roentgenograms taken at that time, as compared with 
previous ones, disclosed a greater density of spine shadow, 





Fig. 4. Case 2. 
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Fig. 5. Case 2. Fig. 6. 


but also of the abscess shadow. It was apparent that the 
abscess cavity was more filled up (Fig. 5). 


A laminectomy was performed April 14, 1928, for decom- 
pression. An incision was made along the old scar, and the 


previously fused area of the spine was exposed. Upon 
thorough exploration by means of instruments and in- 
spection during respiration the spine proved to be solidly 
fused in the region where the fixation was performed in 
October, 1927. 

Since this last operation improvement in motor power 
was steadily progressing. December, 1928, the patient was 
allowed to walk. The gait was gradually losing its spas- 
ticity, and she was able to leave the hospital, October 5, 
1929, in an improved condition. 

Case 3. H. P., a man, aged 58 years at time of ad- 
mission August 20, 1927, gave a history of pain in his back 
since December, 1926. 

For this condition he was treated with a plaster-of-paris 
jacket for 2 weeks at the Brooklyn Hospital just before he 
entered Sea View Hospital. There his condition was 
diagnosed as chronic pulmonary tuberculosis, inactive, and 
Pott’s disease of dorsal spine involving the tenth and 
mainly ninth dorsal vertebre with an abscess from the 
sixth dorsal to the twelfth dorsal vertebra, inclusive. This 
was verified by a roentgenogram which also shows some 
arthritic changes (Fig. 6). 

Hibbs’ fusion October 21, 1927, extended from the 
seventh to twelfth dorsal vertebra, inclusive. Patient’s 
postoperative condition was satisfactory until about the 
early part of May of the same year when he complained of 
pain in his back in the region where operation was per- 
formed. Roentgenograms taken on May 11, compared 
with previous ones, did not disclose any pathological 
changes. On the contrary the spine in postoperative region 


Case 3. 


Fig. 7. Case 3. 


showed an increased density (Fig. 7). In spite of this fact 
the possibility of a pseudo-arthrosis could not be ruled out 
and June 6, 1928, the spine in its previously fused region 
was explored. The same, however, proved a definitely 
fused spinal column both as to its extent and its stability. 
It was assumed then that the pain in the back was probably 
caused only by the arthritic changes which were mentioned 
above, located between the lower dorsal vertebre. 

Spinal symptoms gradually commenced to subside, and 
March 30, 1929, the patient was discharged in an improved 
condition. 

CasE 4. M. M., a young man, aged 22 years at the time 
of admission, had pain in lower dorsal spine region since 
January, 1927. This pain was more intense when patient 
attempted to lift or bend, and a noticeable curve ap- 
peared. March 10, 1927, he entered the Ruptured and 
Crippled Hospital in New York. Physical examination 
there disclosed a kyphosis from seventh dorsal to ninth 
dorsal vertebra, inclusive, with an angulation of about 10 
degrees. The symptoms were: considerable pain along 
the intercostal nerves, very painful and, hence, limited 
motions. Roentgenograms disclosed a destructive process 
of the seventh and eighth dorsal vertebra, with the greater 
involvement of the latter. A fusiform abscess shadow from 
the fifth dorsal to the eleventh dorsal vertebra was also 
seen. As hyperextension treatments proved to be without 
success, March 25, 1927, Albee’s fusion of the diseased 
area was performed. Postoperative course was quite un- 
satisfactory, and April 21, 1927, both feet became numb 
and cold. Gradually a spasticity and hyposensitiveness of 
both lower extremities developed and patient experienced 
shooting pain down both legs, especially the right one. In 
the early part of June he became completely paralyzed and 
partially incontinent. In this condition, June 15, 1927, he 
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Fig. 8. Case 4. Fig. 9. 
was transferred to Sea View Hospital. There a neurological 
examination disclosed a complete transverse lesion of spinal 
cord at the level of seventh dorsal. Below this level all 
forms of sensation were practically gone. The legs were 
spastically crossed and a double Babinski was present. 
Traction failed to improve condition. The opinion was 
that the fused area was not extensive enough. An ex- 
ploration of the previously fused area, October 14, 1927, re- 
vealed that the graft extending from the seventh to tenth 
dorsal vertebra included in its fusion only 3 vertebra, 
namely, eighth, ninth, and tenth dorsal, and at the apex 
of the curve the bone graft was fractured transversely. 
Between the upper and the middle third of the graft dis 
tinct motion was present (a pseudo-arthrosis). 

Hibbs’ fusion was applied and 2 vertebrae above and 2 
below the previously fused area were added. 

A pathological examination of a specimen from the frag 
ments at the site of fracture (obtained during the operation) 
revealed a chronic infiltration and a bone degeneration—no 
tuberculosis. 

This last operation, however, did not prevent this far 
advanced case from progressing. Complications set in—a 
pleural effusion and breaking down of the cold abscess in 
the dorsal and in the lumbar region were followed by a 
general amyloidosis. The general as well as the local condi 
tion gradually grew worse (compare Figs. 8, 9, and 10). 
en developed, and on August 28, 1920, the patient 
died. 


SUMMARY 


Though it may not be justifiable to draw con- 
clusions from these few cases, the following ob- 
servations seem warranted: 

1. Pott’s disease in the majority of cases 
affects the dorsal spine; and in this series all four 
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Case 4. Fig. to. Case 4. 

cases had a dorsal spine tuberculosis, the main 
reasons being: (a) construction of the vertebra; 
(b) range of motion; (c) gravity, etc. Small 
vertebra are predominant in dorsal Pott’s dis- 
ease. The vertebre are constantly mobilized 
through respiration and possess a narrow spinal 
canal through which compression of the medulla 
can occur, leading to paraplegia. All these reasons 
have great influence upon accomplishing a 
definite fusion. 

2. Hibbs’ method proved to fuse absolutely in 
all cases. 

3. Albee’s method in the one and only available 
case failed. 

4. Location of the disease in regard to the 
spinal portion does not require any consideration 
in the performance of Hibbs’ operation as proved 
by the 4 cases which I have reported in this 
article. 

Location of the disease with Albee’s method, 
however, seems to be of vital importance. The 
tibial graft may become deformed if its elasticity 
is not sufficiently great to compensate the various 
forces of tension acting upon it to the vertebral 
column intending to bend it or eventually to 
break it, as occurred in the case described. The 
character of these forces defer in strength accord- 
ing to the region of implantation, thus the column 
reacts differently in the cervical lumbar and 
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dorsal portion. The latter is more exposed to 
those forces and especially so by the arrangement 
of the lower articular apophyses which are in- 
clined downward and backward favoring slipping 
of the diseased vertebre. Therefore, it is impera- 
tive that in this region the graft be of maximum 
strength. 
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THE USE OF BEADED WIRES FOR INTERNAL FIXATION 
IN CERTAIN OBLIQUE AND SPIRAL FRACTURES 
OF THE EXTREMITIES 


J. E. M. THOMSON, M.D., F.A.C.S., and C. F. FERCIOT, M.D., Lincoln, Nebraska 


N reviewing the treatment of oblique and 
, Spiral fractures as a class, it is found that a 
| varying percentage of these cases are re- 
sistant to the simple methods of reduction 
and fixation, requiring open operation to obtain 
satisfactory reductions. There has been, in fact, 
during recent years, a decided tendency on the 
part of the orthopedic and traumatic surgeons to 
widen the scope of indications for operative inter- 
vention. The advisability of using some form of 
internal fixation in this group of operative cases 
is evident, if the final result is not to be jeopard- 
ized by the possibility of loss of position, either 
during the application of external splinting or 
during the long period of after-care. 

A review of available literature reveals that 
various forms of operative fixation have been used 
sporadically during the past 2 or 3 centuries, but 
it is only since the advent of aseptic surgery that 
the possibilities of such procedures have become 
apparent. Numerous methods of fixation have 
been devised and used, but mechanically they 
divided themselves into two main groups: 

1. Direct fixation at fracture site or operation. 

2. Distal fixation by means of pins, wires, or 
ice-tongs applied distal to the fracture site. 

The use of Kirschner wires as a means of apply- 
ing skeletal traction, and as a form of distal fixa- 
tion to bone fragments, has been practiced in our 
clinic for some years. Fixation of the wire ends 
in plaster-of-paris casts by means of a tautening 
bolt has proved to be a most useful procedure as 
it not only lightens the fixative mechanism, but 
eliminates the necessity of incorporating several 
bows in the cast for a long period of time. The 
absence of complications in these cases, together 
with the ease of application and removal of the 
Kirschner wire, led us to seek some method of 
applying these small, non-irritating wires to the 
direct internal fixation of bone fragment. It 
was when contemplating a bone shortening pro- 
cedure that the possibility of fixing the bone ends 
firmly together by means of opposing beaded 
wires first suggested itself, and it was but a short 
step to the application of this principle to the 
fixation of oblique and spiral fractures. 
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Operative procedures. Too much stress cannot 
be placed upon a thorough understanding of the 
anatomical relationship of the vessels, nerves, 
and other structures, which may be encountered 
about the fracture site. Improperly placed wires 
can, and have, resulted in serious sequela. When 
open reduction has been obtained by the simplest 
procedure feasible, two suitable beaded wires are 
so placed, by means of an adapted drill, that they 
transfix both fragments from opposite directions 
in the same plane (Fig. 1). One of these beaded 
wires may be introduced through the operative 
wound in some cases, in which instance the second 
wire would be introduced through a puncture 
wound on the opposite side of the extremity, its 
course through the bone fragment being best 
guided by means of direct control through the 
operative wound. Larger blood vessels and nerves 
must be avoided when the wires are placed. The 
beaded wires are inserted until the beads rest 
firmly upon the cortex of the bone on either side. 
Lateral pressure and counterpressure is then 
applied by means of a Kirschner bow and acces- 
sory tautening device (Fig. 1). The operative 
wound is closed as usual, and a collodion dressing 
placed about the points of wire emergence. A 
lightly padded plaster-of-paris cast is then 
applied to the extremity in the usual manner, 
the wires being snugly fixed in the plaster. After 
24 to 48 hours it is possible to transfer the lateral 
traction and countertraction of the wires to the 
plaster-of-paris cast by means of tautening bolts 
(Fig. 2), which have been described previously.! 
When union has occurred the opposing beaded 
wires are readily removed and there remains no 
foreign fixative agent which might result in late 
complications. 

The beaded wire itself consists essentially of a 
stainless steel wire, upon which a bead has been 
formed, somewhat toward its base. For general 
use we have adopted a ;’¢ inch wire, fitted with a 
#; inch bead which is placed 13 centimeters from 
its base and 17 centimeters from its drilling point. 
The bead itself is somewhat conical, or stream- 


1 Thomson, J. E. M., and Ferciot, C. F. A tautening bolt for use with 
Kirschner wire when plaster-of-paris casts are used in the treatment of 
fractures. J. Bone & Joint Surg., 1936, 18: 245-246. 





SURGERY, GYNECOLOGY AND OBSTETRICS 











Fig. 1. Internal fixation by means of opposing beaded 
wires. Lateral pressure and counterpressure maintained 
by means of Kirschner bow, extension arm, and tautening 
bolt. 


lined in shape; thus affording a larger bearing 
surface on the side of the bead facing the drilling 
point, while the conical proximal portion facili- 
tates removal. A somewhat flattened, diamond- 
shaped drilling point, with sharpened cutting 
edges, has been found very effective as it pene- 
trates readily through the heavy bones of the 
lower extremity (Fig. 3). This important detail 
has been overlooked by most instrument makers, 
in preparing their Kirschner wires, with the result 
that considerable difficulty is frequently expe- 
rienced when drilling the heavier bones. 

The wires are inserted by means of a slightly 
modified Kirschner drill; the holes in the sliding 
wire guide being enlarged just sufficiently to 








Fig. 3. Detail of beaded wire. A, Shape of bead. B, 
Flattened drilling point with double cutting edge. 
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Fig. 2. Method of fixation in plaster-of-paris after cast 
has hardened. Tautening bolts applied over thin pressure 
plates. 


permit free passage of the beaded portion of the 
wire. This modified drill is equally suitable for 
introducing the conventional wires. 

During our early work the lateral traction and 
countertraction was applied to the beaded wires 
by means of two Kirschner bows. It has been 
found that, when the opposing beaded wires have 
been placed and a tautening bow has been applied 
to one of them, sufficient opposing pull can be 
transmitted to the other beaded wire by means of 
an extension device which is slipped over the 
appropriate end of the bow. The distal end of the 
second wire fits into a slot in the extension 
accessory and lateral pressure is applied by 
means of our tautening bolt (Fig. 1). 


SUMMARY 


A method of internal fixation for that group of 
spiral and oblique fractures which require open 
reduction to obtain satisfactory reduction is 
described. Experience with a small series of cases 
treated by this method, leads us to conclude that 
its application is simple, the fixation adequate, 
and normal healing processes are favored. 
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ENDOCRINE THERAPY IN 
GYNECOLOGY 


ECENT developments in the treatment 
of young women with functional 
menstrual irregularities seem encour- 

aging from the standpoint of the results which 
have been obtained. 

For some years cases of this type have been 
grouped under the heading of ovarian dysfunc- 
tion, either of the amenorrheic or metrorrhagic 
type. While the results of treatment in such 
cases have been highly satisfactory, approxi- 
mately two-thirds of the patients in each 
group experiencing a return of what they 
themselves considered to be a normal men- 
strual cycle, since 1933 an even greater per- 
centage of improvement has been obtained in 
such cases, and particularly in those of the 
metrorrhagic type. Inasmuch as since 1933 
only the active hormone preparations have 
been added to the other means of treatment, 
some of this improvement must be attributed 
to hormone therapy. 


The principle reason for this improvement, 
however, would seem to be the recent advance 
in diagnostic methods which enables clini- 
cians to determine just which one of the 
glands involved in a dysfunction is at fault. 
Determinations of the amounts of estrin and 
prolan in the blood and urine and biopsy of 
specimens and curettings of endometrium 
have enabled them to determine whether the 
failure lies primarily in the ovaries, the 
estrogenic or the luteal hormones being in- 
volved, or whether such failure is secondary 
to failure of the anterior lobe of the pituitary 
gland to produce the gonadotropic hormone. 
But it is probably only since such facts have 
become known that it has been possible to use 
the active hormone preparations as well as all 
other therapeutic measures intelligently. Evi- 
dently there is no question in the minds of 
clinicians who have been fortunate enough to 
have at their disposal a laboratory equipped 
to make determinations of estrin and prolan 
in the blood or urine of patients with func- 
tional disturbances of the reproductive organs 
but that it is possible to decide from such 
studies whether the ovaries are secreting 
estrogenic hormone in nearly normal amounts 
and whether the anterior lobe of the pituitary 
is secreting prolan, the gonadotropic hormone, 
in nearly normal or in excess amounts. 

Clinicians owe a great debt of gratitude to 
the histologists and pathologists who are 
steadily furnishing them information regard- 
ing the phases of the endometrium during the 
normal and abnormal menstrual cycles. The 
latter seern to be in accord that an endome- 
trium which is in the persistent proliferative 
phase, with or without evidences of cystic 
degeneration, is the result of the action of 
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estrogenic hormone only, and that when there 
is evidence of glandular secretion and differ- 
entiation, luteal hormone must have acted on 
it as well. When the endometrium is atrophic, 
one may expect both ovarian hormones to be 
absent in the circulation, or at least to be 
present in amounts insufficient to effect any 
change in it and that this type of endome- 
trium may be associated with both amenor- 
rhea and metrorrhagia is not as strange as it 
may seem. As yet we do not know what ini- 
tiates menstrual bleeding in the normal cycle. 
It may be an agent entirely apart from the 
ovaries. We must, therefore, in order to 
make a diagnosis, continue to use every means 
at our disposal, such as careful taking of the 
history, thorough physical examination (with 
special reference to the development of the 
breasts and external genitalia, to the size 
of the ovaries and uterus, including exami- 
nation of the ocular fundi and visual fields, 
and roentgenological examination of the sella 
turcica), and determinations of the basal 
metabolic rate. 

With the help of the newer diagnostic aids, 
the large group of cases of menstrual dysfunc- 
tion can now be divided into those of primary 
pituitary failure and those of primary ovarian 
failure. Young women with menstrual irreg- 
ularities due to pituitary failure complain 
chiefly of the menstrual irregularity and, if 
married, of sterility. They are inclined to be 
obese and to have metabolic rates lower than 
normal. Prolan is not demonstrable in their 
urine with the technique for normal amounts 
and estrin is lower than normal or not demon- 
strable at all. Treatment in these cases has 
for some years consisted of a high vitamin 
reduction diet and thyroid medication suffi- 
cient to hold the metabolic rate around —s, 
and, in the severer cases, the addition of low 
dosage roentgen irradiation of the pituitary 
and ovaries. It has recently been possible in 
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some of these cases to re-establish the menses, 
when the amenorrhea has not been of more 
than 6 months’ duration, by giving single 
large doses of estrogenic hormone, such as 
10,000 International units to the cubic centi- 
meter (Progynon-B). Two or three such 
doses may have to be given at intervals of 5 
or 6 days, allowing time for the period to ensue 
between intervals. After spacing such dosage 
so that a period comes regularly for 3 months, 
the cycle will often go on of itself. Single 
large doses of estrogenic hormone evidently 
stimulate the pituitary by suddenly changing 
the level of estrin. The ovaries are pre- 
sumably normal in these cases and the only 
thing that is needed is to get the pituitary 
motor going. 

Young women who have ovarian failure are 
usually of normal weight and have nearly 
normal metabolic rates. In addition to the 
menstrual irregularity and the sterility they 
complain of many symptoms associated with 
their irregular, scanty menses, and often also 
of vasomotor disturbances such as hot flashes 
during periods of amenorrhea. Soreness of 
the breasts, pelvic pain with nausea and 
vomiting, a migrainous type of headache, 
aching in the lower part of the back and 
thighs, increased nervous irritability and such 
skin manifestations as acne, urticaria and 
angioneurotic edema, may antedate or accom- 
pany menstruation. Values for estrin in these 
cases vary greatly, but only in cases of com- 
plete ovarian failure is estrin not demon- 
strable at some time; prolan is always normal 
or in excess, depending on the degree of 
ovarian failure. In one group of cases recently 
studied in which the values for estrin reached 
higher peaks than normal, prolan was still 
found in excess. The symptoms are evidently 
dependent on the proportionate excess of 
prolan, as young women with pituitary failure, 
even to permanent cessation of the menses in 
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early life, have none of the complaints which 
have been mentioned. 

Before the advent of the active hormone 
preparations, treatment in this group of 
cases of ovarian failure consisted only of some 
method of improving ovarian circulation: 
some form of heat or low dosage roentgen 
therapy over the ovaries, and thyroid medica- 
tion, if there was indication for its use. Now, 
in addition to this treatment, symptoms can 
be relieved by giving such patients estrogenic 
hormone. One hormone preparation, Collip’s 
emmenin complex, made from the placenta, 
has been very helpful in regulating, and even 
establishing, the menses in these cases when 
the amenorrhea has not been of more than 5 
months’ duration; in addition, it has relieved 
the associated symptoms. In giving estrogenic 
hormone to these young women it would seem 
best always to keep in mind the normal 
physiologic estrin curve and to vary the 
dosage to simulate this, interrupting the 
dosage at the end of 3 weeks for 6 or 7 days 
in order to allow menstruation to come on 
if it will. 

In metrorrhagic dysfunction it is now also 
possible to differentiate pituitary from ovarian 
failure and to direct therapy more rationally. 
Regardless of this, in the majority of these 
cases it is the function of the corpus luteum 
and its failure to secrete luteal hormone, that 
is at fault, and since we now have an active 
luteal hormone to supply, bleeding can often 
be controlled in this way, especially in younger 
women. 

Anterior pituitary-like preparations of preg- 
nancy urine are being given with a view to 
producing luteinization of the ovaries, thereby 
indirectly controlling the bleeding. For young 
girls this treatment should be used with great 
caution as a great increase in the size of the 
ovaries has been reported following its use. 
It would seem best to supply active luteal 


hormone and try to improve the function of 
the pituitary and ovaries, if necessary, by 
other means. 

Perhaps those patients who are most grate- 
ful for the advent of these active hormone 
preparations are the ones who are suffering 
from the vasomotor disturbances of the 
menopause and from the symptoms associated 
with atrophy of the genitals consequent to 
ovarian failure. Treatment of the vasomotor 
disturbances has been put on a much more 
logical basis by means of determinations of 
the amount of estrin and prolan in the blood 
and urine. All that is really necessary is to 
determine if excess prolan is present in the 
urine. If it is, the patients’ symptoms can be 
explained on an endocrine basis as being at- 
tributable to excessive pituitary function, and 
they will subside when estrogenic hormone is 
given in amounts sufficient to suppress this 
pituitary function. When women complain 
of these same subjective symptoms long after 
the cessation of their menses, or in cases of 
women with bizarre complaints, the test for 
excess prolan has been very helpful. In only 
those cases in which a positive test can be 
obtained on repeated examinations, are pa- 
tients helped by hormone therapy. 

Repeated studies of vaginal smears in order 
to note the full effect of estrin in the vagina, 
according to the method of Papanicolaou, 
helps greatly in assuring both physician and 
patient that sufficient of the hormone is being 
given to bring about the full beneficial effect 
of such treatment. Hot flashes will subside, 
often with only small amounts of hormone, 
but it is not until the full effect of estrin is 
obtained and until it is maintained for a time 
that the patient regains that sense of well 
being consistent with a normal mental state. 
This same estrin effect in the vagina should 
be obtained in treating patients with atrophic 
or senile vaginitis. It is surprising how soon 
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an associated inflammation will subside when 
the estrin effect is maintained for a time. If 
Trichomonas are present, local treatment is 
also necessary to rid the vagina of the para- 
sites. 

Estrogenic hormone therapy is very valu- 
able in the treatment of any type of vaginitis, 
of childhood or old age, but it must be 
remembered that it will not cure cervicitis. 
Vulvar pruritus, associated with atrophic 
changes, can often be controlled with estro- 
genic hormone if an endocrine factor is the 
chief causal one in the trouble. 

Warnings have been sounded recently 
about the carcinogenic properties of estrogenic 
hormone. It would seem that the estrogenic 
hormone is limited in its action to the tissues 
in which it induces processes of growth during 
the normal sexual cycle, such as the uterus, 
vagina, and breasts. It would also seem that 
the hormone must be present in proportion- 
ately large amounts and act over a long period 
of time, and that it can probably only then 
induce malignant changes in the presence of 
the unknown cancer factor. It would certain- 
ly not seem advisable to treat women with 
estrogenic hormone who have had cancer of 
the breasts or pelvic structures, or perhaps 
those also whose family history shows many 
cases of cancer. When treatment must be con- 
tinued for some time, as in the case of vasomo- 
tor disturbances, clinicians seem to agree that 
it is better to interrupt such treatment occa- 
sionally in order to allow the uterine endo- 
metrium to return to its interval phase. When 
treatment is carried on in this manner and 
amounts of hormone are used which are 
sufficient only to get the same follicular or 
estrin effect in the vagina that occurs just 
prior to ovulation, it would seem as if the 
women who present the usual indications for 
therapy should have the benefit of it. 

Detta G. Drips. 


AND OBSTETRICS 


MORTALITY RATE OF 
APPENDICITIS 


O ENHANCE the value of ‘‘statis- 

tics” and to simplify the study of 

mortality rates, it might be advisable 
to subdivide the subject of appendicitis as 
follows: 


Non-operative treatment 
Appendicitis{ [Chronic 
, Operative treatment | Non-perforated 
: | re { Abscess 
; Perforated} 
i {Peritonitis 


Local 


{Diffuse 


Results of non-operative treatment would 
be of interest as controls, but because of un- 
certainty in diagnosis, the results are of 
necessity unreliable. ‘‘Chronic” appendicitis 
and acute appendicitis, non-perforated and 
perforated with abscess, if treated according 
to generally accepted standards, should, and 
do, have a very low mortality rate. The occa- 
sional deaths are due, chiefly, to the ever 
present possibility of accident. This will leave 
for analysis only the perforated cases, with 
local or diffuse peritonitis. Distinction be- 
tween local and diffuse is at times difficult, 
uncertain, and may depend largely upon the 
“personal equation”’ of the operator. 

The establishment of certain identifying 
characteristics or criteria, determinable at the 
time of operation, that would allow uniform 
recognition and segregation of these two types 
of the disease, would be of material aid in 
evaluation of results. And it would seem that 
this might be practically accomplished by co- 
operation between committees appointed by 
the various representative surgical societies. 

As one may, with justification, anticipate 
recovery after proper standardized treatment 
in perforated cases with localized peritonitis, 
the acceptance of such a definite distinction 
would (because of the low mortality rate) per- 
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mit the additional exclusion of such cases in a 
consideration of the question of high mortality 
rate in appendicitis. 

After these exclusions—of chronic, acute, 
non-perforated, and perforated with abscess 
there remains the type of appendicitis in 
which the mortality rate is high (24 to 40 per 
cent) and the treatment of which calls loudly 
for improvement. 

The largely theoretical, and more or less 
visionary, attempt to differentiate between 
“diffuse”’ and ‘‘general” peritonitis is not 
practicable and promotes confusion and mis- 
understanding. Therefore, it seems that the 
question changes from the mortality rate of 


appendicitis to that of peritonitis. If con- 


sidered, as is peritonitis, following other 
causes, such as, gunshot wound, rupture of 
peptic ulcer, or perforation of sigmoid diver- 
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ticula, the resultant simplification might en- 
hance the value of “‘statistics,” which may, it 
has been said, ‘“‘be made to prove anything 
even the truth.” 

A study of results will probably show, as it 
has in the past, that death in diffuse peritonitis 
is preceded by distention and by ileus, and 
that attempts to treat ileus, after it is es- 
tablished, are not satisfactory. 

Therefore, it would seem logical in the treat- 
ment of perforative appendicitis with diffuse 
peritonitis to endeavor to prevent distention 
and ileus and death, by prophylactic intestinal 
decompression and enterostomy at the time of 
appendectomy. 

A cursory review of recent literature seems 
to indicate that such a principle of treatment 
is increasing in popularity. 

F. GREGORY CONNELL. 








MEMOIR 
ROBERT BATTEY GREENOUGH 


N THE passing of Robert Battey Greenough, the medical profession has 
lost a great leader; the nation, a champion for the control of cancer and the 
improvement of medical service; his host of friends have lost an inspiring, 

true, and loyal associate; his family, a devoted husband and father. 

Although not in robust health for several years, he had been acutely ill from 
coronary thrombosis for only a few days prior to his sudden death on February 
16, 1937. At this time, he was thought to be making a satisfactory recovery 
from a recent coronary occlusion. 

Dr. Greenough was born in Cambridge, Massachusetts, November 9, 1871, 
the son of Professor James Bradstreet and Mary (Ketchum) Greenough. He 
prepared for college at Hopkinson’s School in Boston and was graduated from 
Harvard with an A.B. cum laude in 1892 and from the medical school with an 
M.D. cum laude in 1896. On graduating from the medical school he served as 
house officer on the East Surgical Service of the Massachusetts General Hospital, 
followed by a short medical appointment on the West Medical Service. After 
completing his interneship, he studied pathology in Goettingen and Vienna. On 
returning to Boston he became associated with Dr. John Collins Warren, then 
at the peak of his brilliant surgical career. This association resulted in a long 
and devoted friendship which was mutually satisfactory. Without doubt, Dr. 
Warren’s interest in cancer materially influenced the life work of his able ap- 
prentice. 

Robert Greenough was married to Amelia Mackey Goodwin of Cambridge on 
October 16, 1900, and they enjoyed an unusually happy companionship. Mrs. 
Greenough, four daughters, and five grandchildren survive him. 

During his whole professional life, he was associated in some capacity with 
the Massachusetts General Hospital to which he gave a long and valuable service, 
being appointed surgeon to the Out Patient Department, June 1, 1900; assistant 
visiting surgeon, August 1, 1911; visiting surgeon, February 2, 1916; and Board 
of Consultation, February, 1932. This institution gave him the opportunity for 
carrying out many of his ideals. Here he developed the first “tumor clinic” 
which has been extensively copied throughout the world and undoubtedly is a 
permanent feature in the proper hospital management of this group of patients. 
Although he served faithfully on the General Surgical Service, his chief interest 
was always in cancer. This resulted in having a very large percentage of such 
cases referred to him by other members of the staff. 
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The Harvard Medical School had the benefit of his experience and logical 
mind from r1go1 to 1932. He was appointed assistant in surgery in 1901; instruc- 
tor in surgery in 1905; and assistant professor in surgery in 1910, the latter posi- 
tion being held until his retirement from active service at the Massachusetts 
General Hospital in 1932. He was a clear thinker and an inspiring teacher, much 
beloved by all his students. 

He served as a member of the Cancer Commission of Harvard University for 
many years and was active in the organization of the Collis P. Huntington Me- 
morial Hospital. He was appointed surgeon in chief of this institution in 1915 
and held this position for several years, retiring as a member of the consulting 
staff. Always interested in the advancement of medical service, particularly per- 
taining to cancer, he was the logical person to co-operate with the late George H. 
Bigelow, then Commissioner of Public Health, in the organization of the Massa- 
chusetts State Hospital for the Treatment of Cancer at Pondville. The success 
of this venture is now well recognized. 

In March, 1915, he went to France with the first “Harvard Unit”’ as surgeon 
and executive officer, serving three months in the American Ambulance at 
Neuilly-sur-Seine. Two articles which he wrote following this experience were 
of great help to the medical profession in this country just prior to our entry into 
the war. Being in the Naval Reserve Corps, he was ordered to active duty in 
the United States Navy on July 28, 1917, as chief of the surgical service of the 
Chelsea Naval Hospital. He began this service with the rank of lieutenant, 
junior grade, and rose to the rank of commander, U.S. N. R. F., Class 4, being 
relieved of active duty on February 3, 1919. 

He was an active worker in the Massachusetts Medical Society and a coun- 
cillor for many years, and was president of this organization from 1929 to 1931. 
It was during this time that he was able to stress his ideas on adequate medical 
care for all. He met with great opposition due to the feeling that many of his 
idealistic tendencies along this line pointed toward state medicine or government 
control. All through this his bitterest opponents remained his loyal and staunch 
admirers. They respected his integrity, his seriousness of purpose, his unselfish 
attitude toward suffering humanity in general. This characteristic was fre- 
quently demonstrated not only among the poor but among the well-to-do, he 
having the sincere feeling that a just fee for professional services was really a 
very modest one regardless of the financial status of the patient. 

For a great many years he had been a staunch supporter of the American 
College of Surgeons, serving this organization on the Board of Governors from 
1923 to 1925; as Regent from 1924 to 1937. During this latter time, he was a 
member of the executive committee. He was president of the College in 1934- 
1935 and was vice-chairman of the Board of Regents and the executive com- 
mittee at the time of his death. He contributed a great deal to the cancer 
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program of the College as well as to its other routine activities. No amount of 
time or self-sacrifice seemed to be too much for him to give to this institution. 
He has been a member of the consulting editorial staff of SuRGERY, GYNECOLOGY 
AND OBSTETRICS since January, 1934. 

He was a director of the Society for the Control of Cancer for many years and 
was president of this body from 1936 to 1937. He was an active member of the 
American Association for Cancer Research; the American Academy of Arts and 
Sciences; the American Surgical Association; the Society of Clinical Surgery; the 
New England Surgical Society; and the Boston Surgical Society, having served 
as president of this organization from 1928 to 1930. 

Dr. Greenough made over sixty contributions to the medical literature. Over 
three-quarters of these were on some phase of malignant disease. He leaves an 
unfinished monograph on the subject. In 1936, he was appointed a member of 
the Board of Managers of the Memorial Hospital for the Treatment of Cancer 
and Allied Diseases in New York City and was devoting a great deal of time to 
this new appointment when his last illness began. At the request of Miss Frances 
Perkins, he accepted an appointment on the Medical Advisory Committee on 
Social Security and devoted a great deal of time and thought to the problems 
involved. 

In spite of a strenuously useful life, devoted to humanity, this energetic, 
dynamic individual found many hours to devote to his family and friends. He 
loved the great outdoors and whenever possible would snatch a few days, retiring 
with his family to the interior of Quebec where for generations they have con- 
trolled a large isolated tract of territory. He built here a comfortable lodge and 
although the chief object of these visits was relaxation, he undoubtedly turned 
out many of his excellent articles for the medical press while in this environment. 
He was an ardent fly fisherman, and from this sport derived much happiness. 
He was a most agreeable, witty, calm but gay person, his companionship being 
much sought after by a very large group of friends. One of his chief sources of 
pleasure was his association with members of the St. Botolph Club and he was 
president of this club when he died. 

“Bob” will be greatly missed. For humanity’s sake, we are thankful for his 
long and useful life; for our own, to have known him well. We know that he 
would not have elected any other departure than one which came to end 
abruptly his unusually active career. ARTHUR W. ALLEN. 














EARLY AMERICAN MEDICAL SCHOOLS 


THE WINCHESTER MEDICAL COLLEGE 


WILLIAM P. McGUIRE, M.D., Winchester, Virginia 


Virginia came into being when the government 

of the Commonwealth granted a charter to the 
Medical College of the Valley of Virginia. This 
school was located in Winchester, a town of some 
five thousand population at that time. The college 
was inaugurated by two of the physicians in Win- 
chester, Dr. John Esten Cooke and Dr. Hugh 
Holmes McGuire. The first of these gentlemen was 
the professor of the practice of medicine and obstet- 
rics while the latter taught surgery, physiology, and 
anatomy. Associated with these two pioneers was 
Dr. A. F. Magill as professor of chemistry and 
materia medica. These three, then, constituted the 
entire faculty of the school—a far cry from the 
medical schools of the present day with their 
myriads of professors, associates, assistants, and 
instructors. 

The three members of this faculty afterward be- 
came very prominent men in their profession. Of 
their past and future history at this time we find 
that Dr. John Esten Cooke was a practitioner in 
Fauquier County, Virginia, and moved to Winchester 
in 1821 at the age of thirty-eight. Soon after the 
inauguration of the Medical College, Dr. Cooke was 
called to the chair of the theory and practice of 
medicine in Transylvania University, located in 
Lexington, Kentucky. He was a prolific contributor 
to the medical literature of his day, his most widely 
known work being A Treatise on Pathology and 
Therapeutics published in two volumes, the first of 
which appeared in 1824 and the second in 1828 after 
his removal to Lexington. 

The second member of this early faculty, Dr. 
Hugh Holmes McGuire, came of distinguished Irish 
lineage, his grandfather having emigrated from Ire- 
land to Virginia in 1754. Dr. McGuire was born in 
Winchester in 1801 and received his early education 
in private schools of the town. In 1821 Dr. Physick, 
a surgeon of note in Philadelphia, traveled to Win- 
chester on horseback—a distance of some two hun- 
dred miles—to operate for bladder stone upon an 
uncle of young McGuire. The latter became so 
interested in the work of this famous man that he 
accompanied him back to Philadelphia and matricu- 
lated in the Medical School of the University of 
Pennsylvania. He was graduated from Pennsylvania, 
a full fledged ““M.D.,” in 1822, after a long course of 
some several months, and then returned to his 
native heath to take up the practice of medicine. 
He soon developed a preference for surgery and 
became very gifted in the surgery of that day. 


T 1826 the first medical college in the state of 
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Other and abler historians relate that he was a 
successful lithotomist, an early operator for cata- 
ract, and the first American surgeon to operate for 
club foot. It is of interest to note that the first 
cataract operation to be performed in the state of 
Virginia was done by this man in his office, located 
in the dark basement of his home, and, since the 
method was the old one of “‘couching the lens,”’ with 
a needle made by a local mechanic. 

As Dr. McGuire’s reputation spread he received 
calls to the chair of surgery from medical schools in 
Louisville, New Orleans, and Philadelphia; but he 
preferred to live in Winchester and continued to do 
so until the outbreak of the ‘‘War Between the 
States.’ Then, although he had attained the ripe 
age of sixty, he donned the gray of the Confederacy 
and was appointed a major in the Medical Corps. 
In this venture he was nominally subordinate to his 
son, Dr. Hunter Holmes McGuire, who was medical 
director of the Army of the Shenandoah on the staff 
of General Thomas J. (Stonewall) Jackson. The 
story is told that on one occasion the old gentleman 
was dressing some wounded near the front lines in 
the heat of a battle when, his son having become 
alarmed over his welfare, he was approached by an 
orderly bearing a message to the effect that Major 
Hunter McGuire ordered Major Hugh McGuire to 
the rear. With a snort of derision he replied, ““You 
tell Hunter to go to hell.” This, then, was the 
second of the two founders of the Winchester Medi- 
cal College and the man who was the leading spirit 
of the school during its entire history. 

The third of the three original professors in the 
college, Dr. A. F. Magill, was likewise a native of 
Winchester. Soon after the school closed its doors 
in 1829 he went to the University of Virginia where 
he attained eminence as a professor in the medical 
department of the University. 

No record can be found as to who succeeded Dr. 
Cooke when he removed to Kentucky after the first 
year of operation of the college. It is known, how- 
ever, that the school continued for 2 years after the 
departure of Dr. Cooke and then closed its doors, 
to remain in a state of lethargy for 18 years. 

During this 18 year period nothing was heard 
from the school in Winchester except for the accom- 
plishments of its few graduates. However, in 1847 
the college was revived, a new charter obtained 
from the Commonwealth, the clumsy title of the 
Medical College of the Valley of Virginia was 
dropped, and in its place was substituted the more 
appropriate name of the Winchester Medical College. 
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The Literary Fund of the State of Virginia granted 
the struggling institution a loan of five thousand 
dollars and still other funds were obtained by sub- 
scriptions from Winchester and the surrounding 
country. With this rather large sum (for those days) 
a building of appropriate design was erected and 
equipped. This structure contained, it is related, 
two lecture rooms, a surgical amphitheater with 
overhead daylight lighting, a dissecting room, a 
laboratory, and several offices. As far as the writer 
has been able to determine there were no facilities 
provided for the postoperative care of those patients 
who went under the knife in the glass domed oper- 
ating room; and, as there was no hospital in Win- 
chester at this time, it remains somewhat of a mys- 
tery as to what was done with the surgical cases 
after operation. 

The faculty of the College at the time of its 
revival consisted of the aforementioned Dr. Hugh 
McGuire, professor of surgery; Dr. J. Phillip Smith, 
professor of the practice of medicine; Dr. William 
Bradford, professor of chemistry and materia 
medica; Dr. J. H. Straith, professor of obstetrics 
and diseases of women and children; and Dr. Daniel 
Conrad, dean and professor of anatomy and physi- 
ology. In later years Dr. Bradford was succeeded 
by Dr. Bushrod Taylor and Dr. Conrad by Dr. J. 
William Walls. With the exception of the chair of 
operative surgery and surgical anatomy which was 
held for 3 years by Dr. Hunter McGuire, the faculty 
remained the same until the final closing of the 
college in 1861. 

This faculty showed a great deal of foresight in 
the matter of teaching the principles of medicine and 
put into effect some radical and far-reaching reforms 
in the work of educating the medical student of that 
day. A number of these principles were recommen- 
dations of the American Medical Association and 
other medical organizations of the day, but many 
reforms in the teaching of medicine were instituted 
on its own initiative. 

The system of medical teaching which was then 
popular throughout America involved a session of 3 
to 5 months in which the student was attending lec- 
ture upon lecture from early morning until sundown. 
The late afternoon and evening were used for dissec- 
tion of cadavers and other laboratory work. Just 
when the student was supposed to study was not 
accounted for by the usual medical school of that 
day as far as this writer can determine. Two sessions 
were usually required for graduation although the 
second year’s work was merely a repetition of the 
work of the first year. Another incongruous fact 
which has come to light is that it was the custom for 
the student to begin the study of anatomy and 
surgery on the same day. 

The school in Winchester, however, feeling that 
such a curriculum was but ill suited to teach the 
neophyte the art and science of the profession, de- 
cided, at the reorganization of the college, to have a 
session of 8 months’ duration, so arranged that there 
were usually two, and never more than three, lec- 
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tures a day. This left the afternoons for dissection 
and other laboratory work and the night for study, 
and the plan possessed the additional advantage of 
allowing the student some time for recreation. 

Furthermore, the course was properly graded and 
the subjects taught in their proper sequence. An- 
other advantage of this more modern method of 
training was that, during dissection hours, an 
instructor was always present, whereas in the older 
methods of teaching the students were left to them- 
selves in the dissecting room and rarely saw an 
instructor. 

There was some difficulty in obtaining cadavers 
for dissection, and indeed this difficulty led indirectly 
to the final destruction of the college. However, in 
spite of this the students had ample material for 
anatomical study and a large number of wet and dry 
specimens were prepared. Chemistry was taught by 
lectures and illustrated by experiments performed 
by the instructor. In 1860 a course in microscopy 
was instituted and, although this was crude, the 
student was made as familiar as was possible at that 
time with the rudiments of clinical microscopy, 
microscopic anatomy, and pathology. 

Regular clinics were held in surgery and medicine 
and, in addition, in so far as it was possible, the 
students had access to the private practice of the 
professors. Surgical operations were performed 
before the class and, in the session of 1848-1840, 
records show that over 75 were done and included 
such a variety as cataract, hernioplasty, amputa- 
tions, repair of club foot and cleft palate, and others. 

In 1861 the college determined to inaugurate a 
summer session in addition to the winter course and 
Dr. Hunter McGuire, who had been teaching in the 
New Orleans School of Medicine during the previous 
winter, returned to Winchester again to become a 
member of the faculty of the Medical College. His 
return brought the total number of professors at 
this time up to six. However, it was not to be for 
during the same month the state of Virginia seceded 
from the United States and, on April 1, 1861, the 
college ceased to exist. Many wounded soldiers were 
brought into Winchester during the war and the 
college building was used as a hospital until it was 
burned in March, 1862. 

Probably the most distinguished name connected 
with the Winchester Medical College was that of 
Hunter Holmes McGuire, the son of Dr. Hugh 
McGuire. This is not the place to enumerate the 
honors that came to this man in after life but one 
point of historical interest should be related here. 
While medical director on General Jackson’s staff 
Dr. McGuire established the principle of treating 
medical officers as non-combatants, allowing those 
of the enemy to remain with their wounded and to 
return to their command after these were cared for. 
From that time until the advent of the World War 
this humane principle was adopted by the entire 
civilized world as a principle of warfare. 

There were 72 graduates of the Winchester Medi- 
cal College from 1848 until 1861, although the exact 
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number of matriculates is not known. Of the 
graduates, 16 came from outside of Virginia; 5 being 
from Maryland, 3 from Pennsylvania, 2 from New 
York, 2 from Illinois, and 1 each from Iowa, Maine, 
Tennessee, and Ohio. Because of some modest 
financial, support given the school by the state it 
bound itself to educate without compensation 15 
students unable to defray their own expenses. 

As has been previously stated, the destruction of 
the college building and records was indirectly due 
to the difficulty which was encountered at times in 
securing material for dissection in the anatomical 
laboratory. In those days, if the students knew 
where they could get hold of a dead body not too 
long since departed from this mortal coil the body 
was obtained, whether by fair means or foul deponent 
sayeth not. 

It so happened that in October, 1859, John Brown 
of Kansas made his famous raid at Harpers Ferry 
for the purpose of freeing the slaves. One of Brown’s 
sons was a member of a raiding band which at- 
tempted to seize control of a rifle works in Harpers 
Ferry. During this raid many of the raiding party 
were killed. Led on by the excitement of the time a 
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number of the students in the Winchester Medical 
College went to Harpers Ferry by train to witness 
the battle between Brown’s forces and the United 
States Army detachment led by Colonel Robert 
E. Lee. On leaving the train in Harpers Ferry before 
it reached the station the students came across a 
dead body lying on the banks of the river, and, 
always looking for material for dissection, they 
packed it in a box and shipped it back to Winchester. 
Papers found on the body after it arrived at the 
college proved it to be the body of Owen Brown, the 
son of John Brown. The body was prepared for 
dissection and used for teaching purposes. 
Winchester changed hands between the forces of 
the North and the South some eighty times during 
the course of the war and at one time in 1862 was 
held by a Union army under the command of 
General Banks. Because the body of the son of 
John Brown had been dissected therein the college 
building was burned to the ground by order of 
General Banks. The equipment and all records of 
the college were destroyed and as the glow of the 
embers faded the Winchester Medical College 
passed into history. 


Vaure fail pull 


aL Lu Irae Qaim 


Ian MacLaren was the pen name of the Reverend John Watson who wrote The Doctor of 
the Old School, a short story masterpiece concerning Dr. William MacLure. 
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eral practice, public health workers, and medi- 

cal students, is the small, concise, and readable 
book! on syphilis by Hinton. While there are many 
books on this subject suitable for dermatologists 
and syphilologists, there is a real need for one that 
will give a clear, simple, and relatively complete 
account of syphilis for those mentioned. This book, 
an attempt to meet the need, was written after a long 
experience with syphilis in the laboratory and in the 
clinics of the Boston Dispensary, in teaching at the 
Harvard Medical School, in the Wassermann Labo- 
ratory of the Peter Bent Brigham Hospital, and in 
public health work for the Massachusetts Depart- 
ment of Public Health. 

The volume is divided into 3 parts: Part I, The 
Manifestations of Syphilis; Part II, The Treatment 
of Syphilis; and Part III, an appendix which takes 
up in detail, The Hinton Test for Syphilis. 

To one familiar with syphilis in all its manifesta- 
tions, the book is interesting and instructive, par- 
ticularly because of its personal note, and one must 
admire the author’s courage in many of the state- 
ments he makes throughout the text, some of which 
are at considerable variance with the opinions of 
most authorities. For example, in speaking of the 
tertiary stage of syphilis without an antecedent pri- 
mary lesion or secondary rash, he says, ‘During 
coitus slightly infected seminal fluid of an asympto- 
matic syphilitic infected 2 to 4 years seems to pro- 
duce this form of the disease more often than any 
other kind of exposure.” Page 81, “The Hinton 
test usually persists for a lifetime in untreated late 
syphilis, while most of the current Wassermann 
tests and the less sensitive flocculation tests gradu- 
ally grow weaker and become negative in 5 to 10 
years in perhaps half the cases.”’ Page 84, ‘“Gummas 
may occur about the corners of the mouth or the 
lips themselves may be the seat of extensive gum- 
matous or sclerotic changes that lead to puckering 
and scarring.”’ “Impairment of vision occasionally 
results from the arsphenamines.’’ These and other 
similar statements are controversial and for that 
reason alone the book is not the best possible one for 
those unacquainted with the disease. 

The book is well written. The chapters on syphilis 
and marriage, interpretation of tests, and treatment 
of syphilis are handled extremely well. ‘One notes 
with surprise, however, that Dr. Hinton still recom- 
mends mercury both by mouth and by inunction. 

Although one may differ with many of the author’s 
views, nevertheless he is to be commended for cover- 
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ing so large a subject in such a clear, concise manner. 
To those interested in syphilis the book is worth 
reading. EDWARD A. OLIVER. 


OLUME II of Post-graduate Surgery*, consisting 

of 1760 pages, is now at hand. As a whole the 
subject matter is exceptionally well presented. In 
some instances brevity somewhat handicaps the in- 
tention of the work; however, it must be conceded 
that the entire surgical field, if covered with any 
degree of completeness, would require many thou- 
sands of pages of text and would, most likely, defeat 
its own purpose. The presentation suffices for the 
purpose for which it was intended. 

In Part VI, diseases of the head, spinal column, 
and the salivary glands are discussed in some 100 
pages. This is rather brief in comparison with the 
amount of space allocated to subjects in Volume I. 
No fault can be found with the subject matter; how- 
ever, the description of the surgical diseases of the 
brain is too brief, most of the space being devoted to 
treatment. The author apparently does not think 
highly of the intravenous use of hypertonic glucose 
solution in the treatment of brain injuries. This is 
contrary to the general conception of the American 
neurologic surgeon. The impression also is gained 
that little care is taken in the cosmetic results fol- 
lowing head surgery. The majority of neurologic 
surgeons in America stress, along with delicate 
handling of brain tissue, a neat closure of the scalp 
wound so as to prevent visible scarring as much as 
possible. 

In the surgery of the neck, the most common 
diseases are goiter and tumors, the latter including 
enlargements of the lymph glands. No doubt it is 
difficult to give even a fairly complete description of 
all surgical lesions of the neck without devoting 
much space to the subject. However, thyroid disease 
is not given the relative attention that the condition 
deserves. 

Part III, devoted to the diseases of the breast, is 
inadequate. Specific information about the com- 
bined radiologic and surgical treatment of carci- 
noma of the breast is lacking. 

The section devoted to the thorax is well done. 
Specific attention should be called to that portion 
on artificial pneumothorax. Since so much work 
has been done recently on mediastinal tumors, it 
might be suggested that 8 pages probably do not do 
justice to the subject. 

Approximately 470 pages are devoted to an un- 
usually well done description of diseases of the 
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female genital organs. The subject matter is well 
presented and the form tends to simplify reading 
and understanding especially from the student’s 
point of view. It is interesting to note that the 
author is discussing the treatment of acute suppura- 
tive salpingitis states: ‘In my opinion operation 
should in most instances be advised.’’ Five reasons 
are given. This opinion is contrary to that of most 
American gynecologists. This section and the one 
following, which is devoted to the urinary system 
and the male genital organs, are the outstanding 
portions of the volume both as to space allocated 
and the thoroughness of the description. Special 
attention must be called to Chapter I of Part XI on 
“The Investigation of a Patient with Genito-Urinary 
Symptoms,” which compares favorably with a 
similar chapter in Volume I on ‘The Investigation 
of a Case of Dyspepsia.’’ The author apparently 
favors suprapubic prostatectomy to transurethral 
resection in the average case, limiting the use of the 
latter to prostatic fibrosis, prostatic bar, and cer- 
tain types of median lobe enlargement of the gland. 
Very little attention is given to tumors of the testi- 
cle, a subject which has attracted much attention 
in America and portions of continental Europe, 
especially from a diagnostic viewpoint. These two 
sections represent good medical teaching in general; 
they so clearly illustrate sound reasoning along prop- 
erly directed lines of thought. Throughout these 
sections the material is exceptionally well arranged 
and a sequential line of thought is followed. Many 
illuminating illustrations are included which again 
exemplifies the often repeated expression that a 
good illustration is more instructive than several 
pages of text. 

Part XII, devoted to the sympathetic nervous 
system, is compact. The author covers considerable 
ground in the 1o5 pages allotted. An interesting 
section on the adrenal gland stresses the surgical 
pathology of the gland and the adrenogenital syn- 
drome. The section devoted to the injection therapy 
for hernia, hemorrhoids, hydrocele and varicocele, 
varicose veins and chronic gravitational ulcers of 
the leg is instructive. 

In an interesting section on infections of the hand, 
issue must be taken with the advice on the treat- 
ment of infection of the “terminal pulp compart- 
ment.’’ The author states: “If tenderness is most 
marked over the pulp compartment it is permissible 
to wait for localization of pus.” A few lines further 
along he states: “In late cases as soon as the in- 
cision is made, the diaphysis of the terminal phalanx 
literally falls out of a pocket of pus. In earlier cases, 
the onset of osteomyelitis may be prevented, but 
this happy event is distinctly rare.” This expresses 
an obvious incongruity. Kanavel called attention 
to this condition on page 29 of the first edition of 
his work on Infections of the Hand, published in 
1912 stating: “The treatment of felons consists in 
immediate incision into the infected area.” The 
same statement appears in the sixth and last edition 
published in 1933. Moreover, he and his school have 





stressed the importance of early drainage in terminal 
phalangeal infections so as to prevent osteomyelitis 
The final section is devoted to orthopedics; how 
ever, its scope is limited to deformities of the feet, 
disabilities of the knee joint, acute osteomyelitis, 
acute arthritis, open or compound fractures, muscle 
and tendon injuries, and the peripheral nerves. 
The illustrations are many and of exceptional 
descriptive quality. This volume is a good com- 
panion for Volume I. Joun A. WoLFER. 


AS SET down in the preface, the volume! entitled 
Appendicitis by McKay is a “guide for the 
general practitioner in the country” containing “all 
that he should be acquainted with before he attempts 
his first appendix operation.”’ 

In an informal and very “‘talky”’ type of discus- 
sion, the reader will find a rather complete and 
accurately presented picture of this disease. Chap- 
ters cover anatomy, historical background, diag- 
nosis, preparatory treatment, country operation 
theater, instruments, operation, after-treatment, 
acute appendicitis, purulent appendicitis, appendici- 
tis with abscess, postoperative complications. 

Most American surgeons will agree with the prin- 
ciples of treatment advocated—early operation, 
muscle splitting incision, keeping the fingers lateral 
to the cecum in the presence of suppuration, and 
with the latter complication, leaving behind the 
appendix difficult of access. In question may be 
put such procedures as irrigation of abscess with 
ether, or balsam of Peru, or packing with iodoform 
gauze. 

The chief criticism of the book is its wordiness; 
on the other hand, the author’s literary style has 
simplicity and charm. J. R. BucHBINDER. 


[X AN attractively bound and illustrated volume’ 
of about 600 pages McBride clearly shows his 
great interest in the rehabilitation of injured persons. 
This interest is manifest in the manner in which he 
presents various ideas upon which can be based 
amicable settlements between interested parties 
after an injury to a workman. Since the gradual 
establishment by legislation of state controlled in- 
dustrial commissions, there has arisen for the doctor 
an exceptional opportunity to aid in a just distribu- 
tion of the loss of time, the expense and disability 
between the injured person and his employer or in- 
surance carrier. The doctor must always have an 
important réle in such proceedings and the author’s 
purpose is to impress upon him the necessity of hav 
ing sufficient fundamental knowledge about dis- 
abilities to permit him to influence the decision along 
fair and impartial channels. Boiled down, it is a 
question of prognosis, not given in a vague and gen- 
eral way, but specifically: What can a man do with 
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an ankylosis of the first metacarpophalangeal joint 
in various positions? Can he hold a pencil in a way 
permitting him to write? Can he make a fist, oppose 
his thumbs to all fingers? Can he grasp a heavy rope? 

No fair opinion can be given by the doctor unless 
he knows such things, and this volume is filled with 
opportunities to learn them. For instance, 161 pages 
are devoted to the subject of ankylosis alone. All 
joints and certainly all common positions are dis- 
cussed in the light of the disability they cause. 
Many line drawings illustrate what a patient can 
and cannot do with a given joint stiffened. This is a 
particularly valuable chapter. Forty-three pages 
are devoted to the examination of the disabled per- 
son, with a discussion of malingering, exaggeration, 
traumatic neurosis, and hysteria. The industrial 
back, long a stumbling block for medicine and in- 
dustry alike, is given 48 pages of clear and reasonable 
discussion. Under this heading the author also 
reviews the causes of non-traumatic back disability. 
Two subjects of importance were omitted, namely, 
spinal cord tumor, and gout. The use of the terms 
“plaster case” and ‘‘casing” instead of the common 
error, ‘plaster cast,” is found throughout, and is to 
be commended. Chapters on the legal aspects of 
disability, the eye, and ear have been included, and 
are written by colleagues of the author. 

It is apparent as one reads the book that the 
author would like to see methods for evaluation dis- 
ability standardized. But he suggests in the preface 
“that the difficulty lies very greatly in the difference 
of the attitudes of physicians, etc.” Without being 
too didactic he suggests by various tables methods 
of evaluation many doctors could use with benefit. 

Occasional misstatements are found which have 
undoubtedly been overlooked. For instance, on 
page 532, °...the ulnar nerve... supplies all the 
muscles of the thenar eminence”’ and on page 1o1 
the terms protopathic and epicritic sensibilities 
have had their meanings reversed. 

Certainly there are few surgeons today who have 
not been called upon at some time to care for pa- 
tients injured in industry. Thus, for the majority 
this book fills a distinct need. It is an appeal to 
cast aside slipshod methods in determining dis- 
ability, and supporting this appeal one will find a 
large fund of facts and ideas co-ordinated to help 
the surgeon base his opinion upon sound reasoning. 

James K. Stack. 


ye THE third edition! of his Atlas of Radiographs, 
Bertwistle has revised and enlarged the previous 
volumes and has added a medicolegal section. The 
purpose has been to present an atlas “to show what 
radiology can do” and is intended primarily for the 
clinician. Several pages have been devoted to a 
history of radiodiagnosis. 

The volume of 560 pages containing 808 illustra- 
tions, both normal and abnormal, with brief descrip- 
tions and clinical notes is printed on glossy paper. 


1A DeEscRIPTIVE ATLAS OF RADIOGRAPHS; AN AtD 10 MODERN CLIN- 
1cAL Metuops. By A. P. Bertwistle, M.B., Ch.B., F.R.C.S.(Ed.). 
St. Louis: The C. V. Mosby Co., 1936. 
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Roentgenograms of bones are reproduced in silhou- 
ette by filling in the background beyond the skin with 
India ink. Many of the illustrations are accom- 
panied by line tracings which are very helpful. The 
illustrations are sufficiently large to prevent loss of 
detail and are adequately described by either line 
tracings or legends, and in many instances a concise 
clinical note is given. 

The presentation of reproductions of normal 
bones and epiphyses as well as other normal struc- 
tures enhances the value of the volume. The atlas 
includes illustrations of the common rather than the 
rare lesions of the various systems. 

This interesting volume fulfils the purpose for 
which it was intended by the author and should 
prove of interest to the radiologist and most useful 
to the physician engaged in general practice who 
seeks the help of the x-ray in making an accurate 
diagnosis. Ear E. Baru. 


LOAN’S volume? on the thyroid presents the 

views of a clinic which has been active in the 
treatment of thyroid disease for many years, and 
may be divided into three approximately equal 
parts: the first, presenting the author’s ideas of 
thyroid function and pathology; the second, giving 
his surgical technique; the third, discussing hypo- 
thyroidism, parathyroid disease, and the historical 
aspects of the whole subject. 

The first section is interesting. The physiology 
of the thyroid is analyzed and a theory of dysthy- 
roidism, which is later used in differentiating clinical 
forms of hyperthyroidism, is constructed. The sec- 
tion on surgical technique is very thorough and 
profusely illustrated. The surgical anatomy of the 
thyroid and the adjacent structures is exhaustively 
presented. The historical section is valuable for its 
review of the development of goiter surgery from 
the era when, as the author says, treatment con- 
sisted of “‘such procedures as the injection of hot 
water, carbolic acid, potassium iodide, or tincture 
of iodine solutions into the gland,” to the present 
era of surgical therapy. PAUL STARR. 


his Plastic Surgery of the Nose’ Sheehan presents 
a personal record of his extensive work. No 
other authors are mentioned so that there is no 
multiplicity of procedures for any one defect; one 
may feel that the author himself has considered the 
details already published and sifted them down to 
the present form, along with his own original ideas, 
of course. 

The full page plates show excellent results ob- 
tained by the author in most of the defects men- 
tioned in the text. The arrangement and sequence 
of these photographs seem somewhat mixed in 
places and the legends are too brief to be of much 
value. If the plates were in closer association with 

2TuHE Tuyrorp; SuRGERY, SYNDROMES, TREATMENT. By E. P. Sloan, 
M.D. Springfield, Ill.,and Baltimore, Md.: Charles C. Thomas, 1936. 
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the subject matter around them, they would also 
be more valuable, and, at least to this reviewer, 
they would be more easily assimilated if they were 
all vertical in position instead of across the length 
of the page as most of them are. 

The chapter on skin grafts is quite brief and in- 
cludes sections on flaps, instruments, and keloids. 

The author diagrams his method of capillary 
drainage of keloids with silk threads and describes 
an instance in dealing with a keloid in a negro; after 
excision, he radiated the wound with a tube of radon 
closed directly in the wound, presumably removing 
it and suturing the wound later. He concludes: 

“It is enough to note the fact, rather than to at- 
tempt to dogmatize on the effects to be deduced 
from what is known of the different orders of rays. 
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Given the demonstration, and making allowance for 
the state of the skin and the object to be obtained 
in the individual case, it is evident that there will 
be room for considerable variation, both in the 
potential of the emanation and in the time it is left 
in place. What is sought is the preparation of the 
skin to facilitate the normal process of circulation 
and so to prevent the occurrence or recurrence of 
those phenomena of inflammation that are at- 
tributable to the choking of the return circulations. 
Ray therapy is still, in large measure, empirical 
both in theory and in practice. What is known of 
keloids is equally inconclusive. However gratifying 
the results of the experiments here described, they 
are presented with reserves appropriate to the two- 
fold incertitude involved.” 
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